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BASIC SEED CONDITIONING
Virgil Harden 1

When one hears the phrase "Basic Seed Conditioning," what immediately comes
to mind is the process of removing all undesirable contaminants from the seed
mass. Just as important, however, and sometimes overlooked are prevention of
varietal mixing and unnecessary mechanical damage.

Receiving
Provided the seeds brought to the cleaning plant are of seed quality, Basic Seed
Conditioning begins with the receiving operation. The receiving pit should be of
such design as to prevent mechanical damage or germination damage and/or
varietal mixing of seeds.
Gravity-flow receiving pits are the best type to use for the receiving of seeds.
However, gravity-flow pits have to be very deep when designed to hold large
quantities of seeds and are the most costly to install.
The most frequently used types of receiving pits for receiving of seeds incorporate
vibrating shaker spouts, belt conveyors or drag conveyors in the bottom to transfer
seeds to the boot inlet of the receiving elevator(s). Also, the receiving pit grill
should not have ledges, cracks or crevices to hold pockets of seeds which would
cause varietal mixing and extend clean-up time between receiving of different
varieties.
When truck trailers are dumped, "splashing" of seeds sometimes occurs and large
amounts of seeds bounce out of the pit and onto the surrounding area around the
pit opening. Large pit openings assist in eliminating this type of "splashing" effect
which in tum reduces the amounts of time one must spend in pit clean-up
between receiving of different varieties.
Receiving bucket elevators for seed plants should be the type especially designed
for the gentle handling of seeds. Seed elevators have large diameter head pulleys
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and slow belt speeds which discharge the seeds from the elevator cups directly into
the throat of the elevator (Figure 1). Legs on the elevator boot at least four inches
in height allow additional room for cleaning between varieties. Nylon spacer
washers about 1/2 inch thick placed between the elevator cups and belt give the
proper space to prevent seeds from lodging behind the cups (Figure 2).
Only one receiving elevator is needed if no bulk storage is incorporated in the seed
conditioning facility as the only place to spout from the elevator is to the seed
cleaning plant itself. However, if bulk storage is incorporated into the seed
conditioning facility, then it is recommended that two receiving elevators be used
in the receiving pit.
Two receiving elevators provide much more flexibility in that they allow more than
one function to be performed at a given time. For instance, with two receiving
elevators the seedsman may:
•

Receive two varieties of seeds simultaneously without having to
clean out the elevator boots.

•

Receive into a pre-cleaner, then spout the seeds directly to bulk
storage or to the seed cleaning plant.

•

Receive through the receiving pit for routing to bulk storage bins
while at the same time transferring seeds from another storage bin
to the seed cleaning plant.

When using two receiving elevators, spouts from both elevators need to be to all
points so that in case of mechanical failure of one elevator, the other can be used
without a loss of receiving time.
A primary source of varietal mixing can be eliminated by using seed-type
distributors which have intemal locking spout~ or leak-proof bucket valves if an
elevator is to be spouted to more than one point.

Precleaning
Precleaning seeds prior to bulk storage is advisable as this process eliminates a
large portion of undesirable foreign contaminants making for better conditions
under which to store and/or dry seeds in bulk tanks or bins. Precleaning also
enhances the actual precision cleaning process because the major portion of
unwanted foreign contaminants have already been removed from the seed mass:
Two different types of precleaners are primarily used in seed conditioning plants:
the reel type which uses a revolving wire mesh cylinder to scalp off the larger
sticks, stems and straw; and the reciprocating screen type which uses both a
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Figure 1. Some characteristics and criteria for belt-bucket elevators used for
seeds (Clipper type).
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Figure 2. Spacer washers between bucket and belt - a must m a seed
conditioning plant.
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scalper screen and a sifting screen to remove both large and small contaminants.
As the reel type scalper has no bottom screen for removing small participles, it is
used as a scalper only. Both the reel type scalper and reciprocating type
precleaners can be equipped with an air separation for removing dust and very
fine particles. Although the reciprocating type precleaner would be the best choice
under most conditions, the seeds you plan to preclean may be a determining factor
as to which type unit is required. For example, if a seedsman is cleaning
soybeans, wheat and rice in his facility, the reciprocating type precleaner would
be the choice for both soybeans and wheat. However, if the rice coming from the
field has a high enough moisture content as to prevent the rice kernels from
sliding down perforated metal screens, then the reel type scalper would be the
better selection if only one precleaner is to be used. Do not misunderstand my
reason for selecting the reel type precleaner. A reciprocating precleaner having
a capacity of 4,000 bushels per hour on soybeans and wheat would only have a
capacity of about 1,500 bushels per hour on paddey (high moisture) rice. The
reduction in capacity for that portion of rice precleaning is my reason for selecting
the reel type precleaner for all products: soybeans, wheat and rice in this
situation.
The most economical way in which to design a precleaner into a seed cleaning
facility is to use a high capacity precision cleaner for the actual cleaning process.
Then by using larger openings in the top scalping screens and smaller perforations
in the bottom sifting screens, a higher precleaning capacity may be obtained. The
clean seed discharge from the high capacity cleaner must be bi-directional, both
to the bulk storage system and to the final cleaning process within the cleaning
plant. This method would reduce the flexibility of the total facility in that the
seedsman would not be able to preclean received seeds and precision clean in his
plant simultaneously.
The only disadvantage of a precleaning system is the down time required to clean
up the precleaner when more than one variety is being received in alternating
loads. A seedsman may choose to program his receiving equipment so that the
larger quality of variety being received passes through the precleaning process
with the lesser amount going straight to bulk storage, by-passing precleaning at
the time of receiving. Seeds by-passing precleaning at time of receiving may then
be precleaned at a later date.

Bulk Storage
Bulk storage bins are available in many shapes and sizes with each type having
its own particular advantage over others. Flat bottom bins are the most
economical to install and allow in-bin drying should moisture need to be removed
from seeds.
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Hopper bottom bins eliminate the need for bin sweeps thereby reducing man hours
and time required for removing the last ten to fifteen percent of seed from the bin.
Elevated drive-under hopper bottom bins having smooth steel walls are the most
expensive to install, but they also are the more flexible for use. They may be used
for both bulk uncleaned seed storage and cleaned seed storage. Cleaned seeds
may be bulk loaded into trucks or may be bagged directly from the bins with valve
bag packers or sewing lines.
Whichever type bulk storage bins the seedsman chooses for his facility, the layout
of those bins with regard to loading, unloading, flexibility and maintaining the
seed quality is of utmost importance. All seams and cracks need to be filled with
sealant and outside bin wall stiffeners should be used where possible instead of
inside stiffeners. Also, if possible, the same variety of seed should be stored in the
same identical bin as stored in during the previous year. Many seedsmen have
found that the difference in soybean seed conditioning "clean-out" to be an average
of four percent when the seeds were not stored in properly designed bulk storage
facilities. Those loses are directly related to mechanical damage.
Placing bulk storage bins in rows in accordance with bin size then using
distributing conveyors over the rows of bins is the choice of bin layout by most
seedsmen. Drag conveyors having round-bottom troughs and hipped weather proof
covers are your best choice for overhead distributing conveyors when multiple
discharge gates must be used. Two-way leak proof bucket valves placed between
the conveyor discharge gates and storage bins will help to eliminate the possibility
of varietal mixing. The valves are placed in the "out" position at all times unless
the bin directly below it is being filled.
E-Z down "bean ladders" attached to the bin sidewall can be used to eliminate
splitting of fragile seeds such as low moisture soybeans. In situations where
overhead conveyors are not used but instead seeds are spouted directly to storage
bins, enclosed E-Z down ladders can be used in place of the more commonly used
round spouts provided the seeds are of a dry flowable nature. Table 1 charts
shows the velocity obtain by seeds in round spouts.
Both round bottom drag conveyors or belt conveyors are excellent choices of
conveyors for reclaim and/or transfer conveyors from bulk storage to the seed
cleaning equipment area.

Air-Screen Cleaning
Unless a debearding process is required in the conditioning plant, the first seed
cleaning process is usually an air/screen cleaner. There are many different
manufacturers of this type cleaner, but all use the same principles of air and
screen cleaning. Optional features include metering hoppers with variable speed
drive, top fan system, size and number of screens in the cleaner, screen flow

Table 1. Grain velocities in spouts.
Velocity in Feet Per Minute- Angl~ of Spqut in Degree

Spout
Length

35

40

45

50

55

60

5'
10
15
20

400
570
696
805

524
742
908
1047

618
875
1070
1235

700
990
1210
1400

770
1090
1335
1540

830
1180
1440
1665

885
1255
1530
1770

935
1320
1615
1870

25
30
40
50

899
985
1135
1270

1170
1280
1480
1655

1380
1510
1750
1950

1560
1710
1975
2210

1725
1890
2180
2440

1860
2040
2355
2635

1975
2165
2500
2800

60
70
80
90

1390
1500
1605
1705

1810
1960
2090
2220

2140
2310
2470
2620

2420
2615
2795
2960

2670
2880
3080
3275

2880
3110
3330
3535

100
125
150
175

1795
2005
2200
2375

2340
2620
2865
3100

2765
3090
3390
3665

3120
3500
3835
4140

3450
3860
4225
4565

200

2540

3310

3900

4420

4880

. 65

70

75 .

fS

.•

80

85

90

975
1380
1690
1950

1010
1435
1755
2025

1050
1485
1820
2100

1075
1520
1860
2150

2085
2285
2640
2955

2180
2390
2760
3090

2265
2480
2865
3210

2340
2570
2970
3320

2400
2635
3040
3400

3065
3315
3540
3760

3240
3500
3740
3965

3390
3660
3905
4250

3520
3800
4055
4310

3640
3930
4200
4460

3720
4025
4295
4575

3720
4165
4560
4935

3960
4440
4850
5250

4180
4680
5120
5540

4370
4890
5350
5790

4540
5080
5560
6000

4700
5250
5750
6215

4800
5370
5880
6350

5270

5600

5910

6180

6420

6640

6800

'

This table indicates approximate velocities that will be attained by whole dry grains flowing freely in smooth
metal spouts of various lengths and of various angles in relation to the horizontal. The velocities are based on
an angle of repose of 28 degrees for grain.
.....,

8
arrangements, variable shoe shake, adjustable pitch, screen rockers, variable
bottom blast fan system, brush or ball screen cleaning, steel, wood or wood/steel
construction.
Metering hoppers with variable speed drives provides an exact amount of feed to
the cleaner. The cleaner hopper is a "feeding device" only and it is recommended
that a surge bin of a size to accommodate at least two hours of continuous
operation be placed above the cleaner.
The top fan system pulls air through the column of seeds as they are metered from
the hopper to the top screen and removes large quantities of undesirable light
product such as stems, sticks, weed seeds, pods, dust and hulls. The more offgrade product removed by the top air system, the less amount of cleaning is
required for the screening operations of the cleaner. A properly adjusted top fan
air separation would produce approximately three to five good seed kemels in a
handful of off-grade from the top discharge spou t. This check assures the
seedsman that he is removing all off-grade types possible with the fan without
undue loss of good seed.
If you are unable to remove a few good kemels with the top fan system, or the

bottom fan system for that matter, check for back pressure in the a ir system from
the fan outlet discharges through the air piping and to the cyclone or dust
collecting system used. Some models of air/screen cleaners have sliding air gates
which allow additional airflow directly into the eye of the fan to keep air velocities
within the air piping at a sufficient speed to keep heavier dust particles from
settling in the air piping system. Should dust particles be allowed to settle and
build up in the air piping and dust removal system, increased back pressures from
such a situation will not allow for a proper separation at the cleaner.
The size and number of screens in the air/screen cleaner will vary with the model
the seedsman selects for his cleaning purposes. Most all precision cleaners have
at least four screens which may be arranged in several flow configurations. It is
always advisable for the seedsman to select an air/screen cleaner of sufficient size
to obtain the desired capacity under the most difficult cleaning situations.
Increased capacities are then realized when cleaning seeds having lesser amounts
of contaminants to be removed from the seed mass.

Screen Nomenclature
Before discussing reasons for selecting specific shapes and sizes of screens for
cleaning seed, let us review the numbering system used for numbering the
different types of screens available. The size of a round hole screen is the
diameter of the perforation. Perforations larger than the size 5-1/2/64th are
measured in 64ths of one inch. Therefore, a l-inch round hole screen is a No. 64;
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a 1/2-inch screen is a No. 32, etc. Screens smaller than 5-112/64th are measured
in fractions of one inch. The next smaller size being 1112th.
Oblong screens are measured with the same system as round hole screens except
that there are two dimensions that must be given. Large oblong or slotted screens
have their width measured in 64ths of one inch; for example, the size 11/64x3/4.
Slotted screens smaller than 5-112/64x3/4 generally have their width measured in
fractions of one inch; for example, the size 1112xl/2. There are some exceptions
to this small-slotted-screen numbering system in that the sizes 5/64x3/4, 4-78x3/4,
3/64 x 5/16 and others are numbered with the large-screen numbering system
measuring the width of the screen in 64ths of an inch. The final number is the
length of the slot in fractions of an inch.
Wire mesh screen s are numbered according to the number of openings per inch in
each direction. A 10x10 screen has ten openings per inch across and ten openings
per inch down the screen. The size 6x22 has 22 openings per inch across the
screen and six openings per inch down the screen. Such openings as the 6x22 are
rectangular in shape and are the wire mesh equivalents to oblong or slotted
perforated screens.
Triangular screens may be measured in two ways. The system which is used most
generally in the seed industry is to give the length of each side of the triangle in
64ths of one inch. The sides of the 11-Triangle are 11164ths of one inch long.
Another system used by perforators is to size the triangle as the diameter of the
largest circle that can be inscribed inside the triangle. Figure 3 lists the screen
sizes which are available to the seedsman for use in his cleaner.

Screen Selection
The two basic screens, top and bottom, for cleaning round shaped seeds are a
round hole top screen and a slotted hole bottom screen. The round hole top screen
drops the round seed through the closest-fitted hole that it can go through and lets
anything that is larger or bigger be screened over and is referred to as "scalping".
The seed pass onto a slotted bottom screen which takes advantage of the shape
of the seed to hold up the round good seed and drop split, broken crop seed and
many weed seed and is referred to as "sifting".
The basic top and bottom screen for cleaning elongated seed should be a slotted top
scalping screen and a slotted bottom sifting screen. It may be necessary in some
cases to pass seed through a round hole top screens or over some other shape than
a slotted bottom screen to effect a special separation; but, when selecting the basic
screens for elongated seed, slotted top and bottom screens are most gener ally used.
Another seed shape is the lens-shaped seed. The basic top and bottom screens for
lens-shaped seeds are generally a slotted top screen and a round hole bottom
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Figure 3. Sizes and types of screen perforations available for air-screen seed
cleaners.
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screen. These shapes allow the best cleaning possible with a minimum of one top
and one bottom screen. The lens-shaped seed will tum on edge and drop through
a slotted top screen and lie flat and pass over a very large, roun-hole bottom
screen that will drop from them most weed seed and other crop seed.
Since most commercial processors of seed use cleaners having more than two
screens, the general rule most frequently followed for selecting top and bottom
screens is to equip the cleaner with round hole and oblong top scalping screens,
one each in each shoe, and oblong and round, square or triangular bottom sifting
screens, one each in each shoe. With few exceptions this assures the most
thorough and complete screening.
Hand testing screens allow the seedsman the advantage of selecting the proper
screen openings and shapes for each cleaning problem prior to loading the screens
into his cleaner. Twelve-inch square hand testing screens are much easier to
handle for test purposes than say a screen which is 54" x 60". Since the actual
physical size of some varieties of the same seed types differ, it is usually always
necessary to have a selection of different sized scalping and sifting screen sizes
from which to choose.
Gone are the days when a seedsman having a four-screen cleaner would have two
top scraping screens and two bottom sifting screens marked "BEANS" for the
cleaning of soybeans. Iflarge soybeans numbering 2100 to 2500 per pound are to
be cleaned, then top scalping screens in round hole sizes 20/64, 21164 or 22164 and
bottom sifting screens in slotted hole sizes 11/64x3/4, 12/64x3/4 or 13/64x3/4 would
be used. However, if very small soybeans numbering 3700 to 4200 per pound are
to be cleaned then top scalping screens in round hole sizes 7 4/64, 18/64 or 19/64
and bottom sifting screens in slotted hole sizes 8/64x3/4, 9/64x3/4 or 10/64x3/4
would be used. Some morning glory seeds are too plump to fall through the
smaller sizes of slotted screens. If you encounter this problem, you will have to
use a smaller round hole bottom screen such as a 12/64 or 13/64 which will allow
the moming glory seeds to drop through but pass the soybeans over.
You can see from this example that if you plan to process different varieties of
soybeans having different sizes as shown above, you would need to have on hand
all round hole screen sizes from 17/64 through 22/64 plus 12/64 and 13/64 as well
as all slotted screens from 8/64x3/4 through 13/64x3/4. You should have a
complete set of hand testing screens with these same identical sizes.

Methods to Increase Efficiency
Some seedsmen having cleaners with only one bottom sifting screen or two bottom
sifting screens with a special separating problem may want to consider what are
referred to as "combination" screens. That is, they have two or more sections of
different screen perforations on one screen frame. If restricted to one bottom

12
sifting screen for cleaning a medium sized soybean contaminated with morning
glory, the seedsman could use one section of 10/64x3/4 slotted hole screen material
on one frame as his sifting screen which would allow both morning glory seeds and
soybean splits to pass through in one cleaning operation.
Screen dams are objects fastened to a screen to make it sift more accurately than
normal. They are used when very close and accurate separations of small round
seed must be made or on cleaners having non-adjustable pitch screens. Dams may
be made of any sort of material but are commonly strips of wood lath about 114inch high and 2-inches wide. When fastened over the cross braces of the screen
with nails or screws, they interrupt the smooth flow of the seed down the screen,
cause them to stop momentarily and be thoroughly sifted which gives the seed
that should be dropped through the screen plenty of opportunity to contact the
perforations. Dams are generally used only on bottom sifting screens and when
used on round hole bottom screens, the accuracy of sifting is so increased that a
heavier layer of seed may be placed on the screen with a resultant increase of
capacity.
Another device that can be used to improve the separation that a top scalping
screen makes is a piece of oil cloth or canvas apron with the slick side down and
lying flat on the screen. The weight of the apron tends to hold long pieces of straw
and stems flat on the screen so that they do not turn on end and go through with
the good seed but are separated.
It is often a good practice to blank off the lower portion of a top scalping screen.
Once the point at which all of the good seed drop through has been determined,
all of the top screen from that point downward to its end can be blanked off with
paper, tape or blank screen material so that any foreign materials passing over
the top portion of the screen perforations will pass onto the blanked-off section
and have not further chance to tum on end and go through with the good product.

Adjustments
Variable shoe shake means that the speed of the eccentric shaft can be changed
in order to provide the proper speed to clean any given seed type and is
recommended if several different types of seeds are to be cleaned. Each type of
seed requires a certain amount of agitation to properly separate the seed kernels
and seed texture will dictate its flow ability characteristics. For example, fuzzy
cottonseed will require a higher eccentric shaft speed than will soybeans.
As the sifting screen portion of the screening process almost always determines
the capacity of the cleaning process, it is important to impart the proper agitation
to the seed mass which will allow the smaller particles to drop to the sifting
screen, find a perforation and drop through to the bottom pan. It is also very
important to be sure the eccentric shaft speed is sufficient for proper ball action
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in cleaners having ball tray screen cleaning systems. Too slow a speed and the
screen perforations will "blind over" prohibiting the desired sifting separation.
Adjustable pitch screen rockers vary the degree of steepness of the screens. A
steep pitch will walk the product over the screen faster with less exposure to the
screen surface and is generally the setting for the top or scalping screen. A flat
pitch will allow more seed exposure to the screen surface and is the setting for the
bottom sifting screens (Figure 4). Variable eccentric shaft speed and adjustable
pitch screens work simultaneously to provide the seedsman with the complete
range of settings to properly clean any seed type be it the very smallest of seeds
such as clovers to the largest of beans.
Ball tray screen cleaning systems have in most cases proven to be the best all
around system for all seeds and screen types. Use the number of balls
recommended by the manufacturer of your cleaner as ball tray configurations
differ with different manufacturers. However, if your cleaner screens seem to be
imparting a more violent action to the seed mass than you feel is required, you
may want to try using one or two less balls per tray compartment than is
recommended. Balls used by one manufacturer's cleaner will not necessarily
interchange with another manufacturer's cleaner. Be sure of the size and bounce
characteristics of replacement balls.
Variable speed bottom blast fan systems provide one final air separation prior to
the seeds being discharged from the cleaner. This fan system will remove any
dust or hulls that may have become detached during the screening process and in
some cleaning processes will remove lighter undesirable seeds having the same
basic physical size but a lesser specific gravity. An example would be "slick"
cockleburs from soybeans.
Mter the basic cleaning by the air/screen cleaner, final finishing separations may
be obtained from any number of different types of finishing machines. Included
in these types for the seedsman's use are spirals, indented cylinders, gravity
separators, precision sizers, disc mills, aspirators, dodder mills, magnetic
separators and color sorters.
Summary
In closing let me recommend that if you are unsure of the types of cleaning
equipment that you should be using in your seed cleaning operation or if you are
not sure of the arrangement of these types of equipment, inquire with the
manufacturers for their recommendations or consult with a design engineer not
only familiar with different types of seed conditioning equipment, but also familiar
with the types of seeds and contaminants in your area. Mter all, the product you
put in the bag is a direct reflection upon you as a seedsman.
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SPECIAL PURPOSE SEED SEPARATORS
Edgar R. Cabrera 1

Introduction
In seed conditioning we are interested in more than basic cleaning of seeds. The
physiological quality of a seed lot can, in many cases, be upgraded and specific
contaminants removed. The air screen cleaner is a basic conditioning machine
which removes undesirable material from seeds by means of the screens or sieves
and air systems of the air screen cleaner. Frequently, however, certain
contaminants or other undesirable materials remain in the lot after basic cleaning
with the airscreen cleaner and other machines have to be used eliminate them.
In some instances the contaminants can be removed by dimensional sizing
equipment (disc separator, indent cylinder separator , width and thickness grader)
while in other instances
machines categorized as "special purpose seed
conditioning equipment" have to be used.
A seed lot can be physically upgraded by removing inert material, weeds, and
off-type seeds, while its physiological quality can be upgraded by removing
diseased, insect damaged and immature seeds that do not germinate.
All seed conditioning equipment make use of differences in the physical properties
or characteristics of seeds and undesirable materials to effect separations. For
any two seed kinds or a kind of seed and a contaminant to be separated, they
must differ in at least one physical property.
Special purpose separations are effected by taking advantage of differences in the
following physical characteristics of seeds:
•

Shape (degree of roundness)

•

Weight (specific gravity)

•

Seed coat texture

1

Associate Professor, Department of Agronomy, Seed Technology Laboratory, Miss.
State Univer sity, Miss. State, MS. Dr. Cabrera's article was first published
in the 1982 Short Course Proceedings.
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•

Affinity for liquids

•

Electric conductivity

•

Color

Spiral Separator (Shape or Degree of Roundness)
In some instances the dimensions of a contaminant are so close to those of the
seeds being conditioned that a separation with the air screen cleaner or sizing
equipment is not possible. This is the case of soybean seeds contaminated with
giant moming glory or purple moonflower (Ipomoea turbinata) seeds. Soybean
seeds do differ from purple moonflower seeds in degree of roundness (or shape)moonflower seeds have two flat sides. This difference permits their separation
with the spiral separator.
The spiral separator basically consists of a series of sheet metal flights spirally
wound around a central tube. In the older style (Krussow style) separator the
flights are surrounded by a separate outer spiral which receives the "round" seeds
for discharge separately from the "less-rounded seeds" (Figure 1). The new models
such as the AMOS no longer use the outer spiral. The spiral flights are placed
inside a metal box which contains the "roundest" seeds and has appropriate
discharge openings (Figure 2).
Seeds fed into the hopper fall onto the spiral flights and begin to roll or slide down
the flights. Those seeds which are round roll faster and attain a velocity which
causes them to roll over the edge of the flight under the influence of centrifugal
force. They are collected by the outer spiral (in the Krussow type) or at the
bottom of the box (as in the AMOS) and spouted out of the machine. Seeds or
particles that have a lesser degree of roundness do not roll over the edge of the
spiral flight but continue to slide down the flight toward the bottom where they
are discharged.
The only significant adjustment that can be made for the spiral separator is the
rate of feed which consists of moving a disc that contains various size holes until
the desired size is directly in the bottom of the hopper in the Krussow type, or by
placing the plate with the appropriate diameter hole in it at the feed end of the
enclosed type spiral. Another adjustment is the use of "fingers" to retard the
movement of the seeds and direct them toward the central axis.

Gravity Table (Density or Specific Gravity)
Seeds of similar dimensions but differing in specific gravity or density can be
separated with the gravity table. A density separation is essentially an air
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flotation process by which the seeds are first vertically stratified in a rising air
column according to density (Figures 3 and 4). The layers are then separated
horizontally on the deck of the gravity separator by vibrating action.
The gravity table makes use of fans and "vibration" to accomplish a density
separation. Air is either pulled or forced up through the deck to stratify the seed
layer. The deck is slightly inclined toward one side and vibrates in a
semi-elliptical motion toward the high side. Once the air is adjusted properly, the
light material is lifted and suspended on an air cushion, while the heaviest
material remains in contact with the deck. Because of the inclination to one side,
the light material flows "down hill" to accumulate across the lower side. The
heavier seed overcomes the air pressure and remains in contact with the deck
surface and moves toward the higher side and end as it is pitched uphill by the
deck motion. The deck is also inclined perpendicularly to the direction of vibration
leading toward the discharge end of the machine, thus allowing the seeds to move
down hill and eventually discharge at the front high edge of the deck. The use of
gravity tables in the seed industry has increased as seedsmen have become more
aware of the importance of selling higher quality seeds. For example, acid
delinted cottonseed is substanially upgraded by removing most immature seeds
which are low in density and quality. Despined cockleburs can also be eliminated
since they have a lower specific gravity than fully developed cottonseed. The
gravity separator is also used (along with the aspirator) as the finishing machine
for corn seeds. And, it is now widely used in conditioning soybean seeds, those of
the small grains, e.g., sorghum, wheat, some kinds of pasture seeds such as
Bahiagrass seeds, sunflower seeds, many kinds of vegetable seeds and so on.
The gravity table is the most effective machine for upgrading the germination and
vigor of seed lots because it separates seeds on the basis of differences in density
which is the physical property of seeds most closely and consistently correlated
with physiological quality.

Air Separators
Any particle that falls through the air encounters a restraining force due to the
resistance of air. This restraining force increases as the air velocity increases
until a certain speed is reached at which time the particle can be practically
suspended on the rising column of air. This speed is known as terminal velocity.
Contaminants and seeds, even within the same lot, can have different terminal
velocities. Air separators take advantage of this difference to effect a separation.
Air separators can be classified as pneumatic separators and aspirators. In the
pneumatic separator air is forced into a separating chamber into which the seed
mixture is fed. The light materials are lifted by the uprising air column and
discharged at the high or top end of the column, while the heavier seeds, with a
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greater terminal velocity, overcome the air current and discharge at the bottom
of the column (Figure 5).
In the aspirator the air is pulled rather than pushed through the chamber as the
fan is located at the air discharge. The seeds are fed from the hopper into the air
column. The heaviest seeds fall "through" the air flow and out of the air stream,
while the lighter seeds and contaminants are lifted by the air column which is
shaped at an even widening angle causing a gradual decrease of air velocity and
allowing seeds and contaminants to be discharged at one or several outlets
depending on their terminal velocity (Figure 6). The fractioning aspirator has
multiple discharge outlets. The use of the aspirator has greatly increased,
particularly in the hybrid com seed industry. The overall capacity of a corn seed
conditioning plant can be increased by running the dimensionally graded seeds
through the aspirator to separate the heaviest seeds. The light fraction can then
be conveyed to a gravity table to take out the heavy seed. This procedure takes
advantage of the greater precision of the gravity table while reducing the bulk of
seeds sorted on the gravity.
If we were to make a summarized comparison between the gravity table and the
aspirator, we could say that the gravity table performs a more precise separation
but at a lower capacity. The aspirator is not as precise as the gravity table but
has a considerably greater capacity and can be more easily adjusted.

Roll Mill (Surface Texture)
The roll mill, also known as "dodder mill," is another finishing machine useful in
situations when there is a difference in the shape or surface texture between the
good seeds and the contaminants. For instance, dock as well as sorrel and wild
carrot seeds can be removed from several types of clovers with the roll mill. In
fact, one of the machine's names - dodder mill - is derived from the separation for
which it was originally designed, i.e., to remove dodder from clover and alfalfa
seeds.

In the roll mill two metal rolls covered with a velvet-like material are positioned
side by side slightly touching each other. When viewed from the top, they rotate
outwardly in opposite directions. The paired rolls are mounted at an angle that
can be adjusted between 7 and 13 degrees. A metal shield or baffle which
conforms very closely to the upper shape of the rolls is positioned directly over the
pair of rolls, and its distance from the rolls can be adjusted.
As the mixture of seeds is fed onto the top "trough" between the rolls, the seeds
move downhill between the rolls since they are inclined. Seeds or particles with
rough textures are "caught" by the velvet-like material and tangentially thrown
against the baffle, which deflects the seeds back to the outwardly rotating roll.
This action is repeated several times until the rough seeds are actually thrown
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"over" the rolls and collected in bottom bins (Figure 7). The length of the rolls
varies from one machine to another and so does the number of pairs of rolls.
Capacity is determined by the number of paired rolls in the machine. Usually,
there are three seed collecting bins at the bottom of the machine. The rough
seeds/smooth seeds ratio discharged in these bins is greatest closest to the feed
end. The smoothest seeds continue to slide between the rolls until they discharge
at the low end. The seeds collected in the bottom bins can be recirculated after
readjusting the machine to recover some of the previously rejected smooth seeds.

Magnetic Separator (Surface Texture)
Smooth coated crop seeds contaminated with rough coated or textured weed seeds
or inert material can also be separated with magnetic separator. Weed seeds with
a sticky seed coat when wetted are also effectively removed with the magnetic
separator.
The principle of separation lies in the fact that rough, granular or sticky surfaces
(seed coverings) when carefully wetted will retain finely ground iron powder.
Thus, if they are exposed to a magnetic field they can be "pulled" away from the
smooth surface seeds to which the iron powder does not adhere.

Most magnetic separators consist of three basic components. The feeding unit
meters a uniform amount of seeds into the mixing unit. In the mixing section a
spacific volume of water is applied to the seeds, mixed well and then finely ground
iron powder is added and the mixture is again mixed and conveyed to the
separating unit. Usually, the separating unit is made up of one or more
magnetized drums. As they rotate, a uniform, one seed-thick layer of the mixture
is flowed over the drums. Those seeds or particles with adhering iron powder
remain attached to the surface of the drum by magnetic attraction and are
brushed off or gravity removed at the underside. Seeds with a smooth surface and
no adhering iron pass over the drum and are discharged as clean seeds (Figure 8).
The magnetic separator is very useful in removing dodder, buckhorn plantain, and
other weed seeds from crop seeds such as sericea lespedeza, alfalfa, vetch, and
different kinds of clovers. Every lot requires some experimentation to come up
with the optimal rate of feed, volume of water and amount of iron powder, since
different proportions are required for different weed seeds/crop seeds
combinations.
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are brushed off the magnetic drums and discharged through spouts 2
and 3. Smooth seeds pass over both rolls and discharge into spout 1.
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Electric Color Sorter (Color Differences)
The electric color sorter is regarded as a very specialized finishing machine. It is
utilized to sort particles that differ in color or brightness from that of the
commodity being cleaned.
Color sorters are provided with a precise feeding mechanism that allows a
continuous flow of singulated seeds through the sorting area. The color sorter
makes use of photoelectric cells to sense those particles of different color or
brightness than the desirable seeds. A photoelectric cell compares the color and
brightness of each seed against a background color. Light is continuously being
reflected from the background creating an unbroken flow of electrons to the
photocell. When a seed or particle with different color or brightness passes
between the electrocell and background, it reflects a different quality and/or
quantity of light which the photocell senses and, in tum, activates a rejection
system. Generally, the rejection system consists of an air nozzle that is activated
exactly when the unwanted seed or particle passes in front of it. The unwanted
seed or particle is then diverted from the product stream into the reject chute.
Acceptable seeds continue their freefall into the accept chute (Figure 9).
Improvements in electronics have allowed the manufacture of compact, very
reliable and easy to service machines. Higher capacities are achieved by placing
many color sorters in parallel. Some particular models have front and rear
photocells (viewers) for each channel conveying the stream of seeds, using either
tubular or circular fluorescent lamps to provide an even lighting to the
backgrounds and product surfaces.
Color sorters are used by plant breeders and foundation seed operations to purify
genetic materials. They are also important in the bean industry as well as many
other types of operations such as cleaning pecans, coffee, beans, peanuts, rice,
sesame, and so on.

Electrostatic Separator (Electrical Properties)
All seeds have or can be induced to manifest certain electrical properties, namely
polarity and conductivity. The electrostatic separator makes use of differences in
these characteristics among seeds to effect a separation.
Basically, an electrostatic separator consists of a feeding mechanism, a separating
area energized by a positively or negatively charged electrode and divided
compartments for receiving the separated material.
The seeds flow from a hopper bin onto a vibrating or belt conveyor with adjust able
speed. In most of the conventional units, the seeds are then discharged on a
grounded rotor or belt which continues to move them forward and discharge them
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into the electric field created by an electrode placed several inches away from the
rotor. Several compartments receive the separated material.
Separation is accomplished on the basis that like charges repel and unlike charges
attract. Separations can also be made when the particles acquire different
strengths of charge. When material is passed through an electrostatic field, those
particles charged oppositely from the electrode are attracted toward the electrode,
and lifted away from the normal pattern of flow and, thus, separated from the rest
by the dividers (Figure 10). This separation is performed based on differences in
polarity of the charge on the individual seeds.
A separation can also be made taking advantage of the degree of insulating value
of each seed. A high tension field is discharged by a very fine wire electrode
toward the grounded rotor. As the seeds are exposed to the high tension field,
they are "pinned" to the rotor. Some seeds which are not good insulators dissipate
the charge as soon as they move away from the field and fall freely from the rotor.
Those seeds that are good insulators retain the charge much longer, remaining
attached or pinned to the rotor until they are brushed off, falling in a different
compartment (Figure 11). "Moderate" insulators react intermediately to the other
two classes and their fall pattem is largely determined by the speed of the rotor.
The same principles of separation apply to the electrostatic sorting equipment
manufactured by Helmuth Incorporated. Some of the modifications include
several fine wire electrodes in a rectangular frame providing the electrostatic field.
A grounded metal shield is located across the electrode assembly. The distance
between the grounded shield and electrode assembly can be adjusted (Figure 12).
The effectiveness of a separation performed with an electrostatic separator is
highly influenced by the environmental conditions as well as the moisture content
of the seeds. However, good separations have been accomplished when removing
dock from red clover seeds, hulled Johnson grass from sesame seeds, and pigweed
from some lots of white clover.
Summary
Many types of machines are available for effecting specific separations of
contaminants from seeds. Analysis of the "purity" problem is necessary in order
to identify the physical property difference which can be used to effect a
separation.
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SEED TREATMENTS

BIOLOGICAL v s. CHEMICAL vs. BIOLOGICAIJCHEMICAL
Kyle W. Rushing1
Seed treatment technology has entered into a new era within the past ten years.
The traditional chemical compounds are being replaced or enhanced by new
classes of chemicals. New concepts in seed treatment have already begun to enter
the commercial seed treatment market and can be identified as herbicide safeners,
seed coatings, systemic fungicides and insecticides t hat control foliar pests, and
biological agents that become symbiotic with the plant system.
The new systemic products provide disease and insect protection to the seed,
seedling, and developing plant system. Examples of the products and systemic
activity are:
Fungicides:
Vitavax®

Rhizoctonia, Loose Smut, Bunt, Maize Head Smut

PCNB

Bunt, Loose Smut, Rhizoctonia

TBZ

Dwarf Bunt, Ascochyta sp., Rhizoctonia sp.

Baytain®

Powdery Mildew, Bunts, Smuts, Rusts, Rhizoctonia sp.

Topsin®

Fusarium, Rhizoctonia

Streptomycin -

Halo Blight

Insecticides:
Orthene®
Lorsban®
Di-Syston®

Thrips, Aphids, Cutworms
Maggots
Thrips, Aphids

1
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Many of you involved in seed testing and seed quality investigations have often
questioned the reason for using seed treatments and have viewed them to be a
detriment to your work. The value added, however, can often mean the difference
between a grower's success or failure. The benefits of seed treatments are crop,
pest and environmentally dependent. On some crops, seed treatments are
required for efficient and stable commercial production of food, fiber and grain
crops.
Seed, thus, have become carriers for this new technology and, in combination with
genetics and plant genetic engineering, will provide superior disease, insect and
nematode control for one-to-two months, or longer, after emergence. The new
products will permit pinpoint application, thus reducing the amount of active
pesticide utilized in crop production. This will reduce the potential of exposure of
production pesticides to the growers and to the environment while permitting
maximum yield potentials to be achieved. Due to the narrow spectrum of the
newer compounds, many of the traditional products, i.e., Captan, Thiram and
Vitavax, will remain as important combination treatments to provide a maximum
spectrum of activity for disease and insect control.
The following table identifies major seed treatment compounds that are presently
registered for use in the US. They are listed by type of activity. Commercial
treatments are normally combinations of one or more of these products.

Fungicides·
Systemic

Protectant
Captan
Thiram
Terrazole®
Maneb
Botran®
Nusan®

Demos an®
Terraclor®
Epic®
Vitavax
Benlate®
Mertect®(TBZ)

Insecticides·
Protectant

Systemic

Malathion
Methoxychlor
Reldan®
Diazinon

Orthene
Di-Syston
Lorsban

Topsin M
Baytan
Imazalil
Apron®
Streptomycin
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Biologicals·
DePel® Insecticide
Quantum™ 4000 - Inoculant
Rhizobia - Inoculant
Gliocladium - Fungicide
Trichoderma - Fungicide

Herbicide Safeners
Concep®
Screen®

Miscellaneous Products•
Coatings
Dyes
Pigments
Plant Growth Regulators
Trace Elements
*Products requiring EPA registration are presently under review through the reregistration process.
To facilitate the application of the new, highly systemic, and expensive products,
tremendous strides have been made in application technology.
Treating
equipment is presently available that can accurately apply uniform and designated
levels of a.i. product to each individual seed. This is mandatory in permitting the
chemical to optimize its potential in pest control during the seed, seedling and
plant growth stages.
As we develop the newer products, it has become apparent that our ability to place
and adhere them to seed will be dependent on our ability to develop an
appropriate coating. The three main benefits expected from coatings are: 1)
adherence of products to the seed to eliminate dust off and human exposure; 2)
improvement of the performance, planting and handling ofthe seed and additives;
and 3) improvement of the cosmetic appeal of the finished product.
Many products are entering the marketplace, each with their inherent
characteristics and costs. Additionally, new equipment innovations are now
making the coating process an acceptable practice throughout the seed industry -vegetable, flower and agronomic cropping areas.
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As I stated in the beginning, seed technology has entered and is in a new

technological era. The future is limited only by our imagination. The time ahead
represents some exciting challenges and opportunities for the seed industry.
Vitavax, Tarrazole and Demosan are Reg. TM of Uniroyal Chemical Co., Inc.
Botran is a Reg. TM of Nor-Am Chemical Company
Nusan is a Reg. TM of The Wilbur-Ellis Company
Epic is a Reg. TM MSD Agvet
Benlate is a Reg. TM of E. I. DuPont de Nemours & Co., (Inc.)
Topsin is a Reg. TM of Atochem North America/Agrichemicals Division
Baytan and Di-Syston are Reg. TM of Bayer AG, Germany
Apron and Concep are Reg. TM of CIBA-GEIGY Corporation
Reldan and Lorsban are Reg. TM of DowElanco
Actellic is a Reg. TM of ICI Americas Inc.
Orthene is a Reg. TM of Valent USA corporation
DiPel is a Reg. TM of Abbott Laboratories
Quantum is a TM of Gustafson, Inc.
Screen is a Reg. TM of Monsanto Agricultural Company

SEED QUALITY ASSURANCE AND CONTROL
David K. Langer1

What is Quality and Quality Assurance?
Seed quality generally is defined as whatever the customer expects. This includes
the seed itself, but also items associated with the seed including service, price and
the seed company's reputation. Quality is a perceived value. Consequently, it may
be almost as important to have a good looking seed package as it is to have a high
germination percent. While "quality" is intangible, those of us in the seed
industry must remember: "The customer knows quality when he sees it."
The fact that the customer knows what he wants, makes it particularly difficult
for seed companies to define quality parameters. There is a basic set of standards
the industry adh eres to because of Federal and State Seed Laws. Where a seed
company goes beyond those laws is voluntary, or more correctly, up to their
customer's expectations.

Management Commitment
For a company to earn a reputation for quality there must be a commitment to
qualify from its top management. A company's quality assurance group may
report to the corporate level or to the top management of the production
department. There is no preference of one reporting structure over the other as
long as management's commitment to the quality effort is present. By reporting
to the corporate level, it is implied that the top management of the company does
have a quality commitment. If reporting is to the top production management it
implies that the quality assurance group is going to be working closely with the
seed production.
A good quality assurance program starts with established functions ,
goals/objectives, action plans, including a set of quality standards. An important
aspect of quality assurance is a systematic problem solving technique including
the handling of customer complaints. At first thought it is easy to overlook, but
the proper handling of a customer complaint can actually be of great benefit to

1

Quality Assurance Manager, Pioneer Hi-Bred International Inc., Johnston, IA.
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your company. If a complaint is handled quickly and to the customer's
satisfaction, the vast majority of them will do business with you again. This does
not mean that you have to necessarily give something to the customer to satisfy
him. Often they simply want to be heard, and we need to make sure they feel like
the important customer that they are.

Cooperative Effort
The term "quality assurance" implies working with and supporting other areas of
the company to assure quality products. It also means having a fully integrated
program which deals with all areas of production and interacts with plant
breeding and sales personnel. In production we are supplied performance
potential from plant breeding, we then turn that potential into high quality seed
in a cost efficient manner so the potential can be realized by our customers in the
form of a high performance product. Working with the plant breeders can give
you advance information about the inherent quality of certain parent lines.
Quality Assurance also works closely with sales to keep them informed of the seed
quality situation and also to get feedback on what the customer expects.
Having the quality group referred to as Quality Assurance is preferred over
Quality Control. The word "control" implies that the quality group is solely
responsible for quality, that they will take care of it and the employee running the
conditioning equipment, for example, doesn't have to worry about seed quality.
At Pioneer, we emphasize that, quality is everybody's job. Quality Assurance
supports all employees in their efforts to produce a quality product. Care must
be taken in production to balance capacity and quality. High quantity production
is a short term measure of success, while quality production is a long term
measure of success for the entire company.

Quality Control Consciousness
It is important to recognize, however, there is a compromise between what a
customer wants, and what he is willing to pay for in a product. A perfect quality
product, whether it is possible or not, would be cost prohibitive in our business of
working with a living biological product. The cost of high quality is high. But, the
cost of low quality, real or perceived, is even greater. In Quality Assurance we
have to work with both sides of the issue and come up with an acceptable "happy
medium" or standards. Quality Assurance is a constant advocate of quality. We
need to keep working for improvement. Satisfaction with the "status quo" will not
allow a company t o improve itself in the marketplace. All employees must have
a personal commitment. All steps of the quality assurance process along with the
product quality itself must be monitored.
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Quality Standards/Criteria Format
Some example of quality standards/criteria are:
1. Seed lot philosophy - explain how lots are established and what can
constitute a lot
2.

Warm test - label germ on record

3. Vigor test- in-house use only
4. Seed field inspection - isolation, detasseling, shredders, off-types, cultural
problems
5. Seed moisture - acceptable range; after drying, for bulk storage, for
conditioned product
6. Seed size - seedsllb, rounds in flats etc.
7. Plantability - acceptable range
8. Quality counts - monitor conditioning
9. Treatment - pesticide and colorant coverage
10. Unit weight - accurate
11. Bag checks - look at seed and package from customer's perspective
12. Discard - below quality standards

Mission Statement and Functions/Activities
The following is one example of a Mission Statement and some of the
functions/activities for a Quality Assurance program:

Quality Assurance's mission is to provide service and support for
Production, Sales and Marketing to assure high quality products.
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Functions/Activities
A.

Coordinate communications, exchange of quality information and provide
technical services and support to Production Operations, Sales, Marketing,
Overseas Operations and Plant Breeding.
1.

Preliminary preconditioning samples

2.

Conditioning instructions

3.

Rework instructions

4.

Seed lot quality decisions
a. Conditioning plants responsible for seed appearance
b. Quality Assurance labs run quality tests

5.

Seed plant inspections

6.

Customer complaints

7.

Certification - work with state agencies

8.

Seed law compliance

9. Overseas quality and conditioning
10. Trouble shoot
11. Conditioning workshops
a. Equipment operation
b. Equipment evaluation
c. Procedures
12. Promote innovation and proactive decision making in seed quality
13. Communications with Sales
a. Production/quality presentations
b. Current quality status/decisions
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c. Effects of packaging changes, etc.
d. Planter clinics
e. Support for product complaints

B.

Manage Seed Quality Labs to be timely, consistent, reliable and reputable
1.

Proper sampling

2.

Germination testing with proper technique - warm test, vigor test

3.

Electrophoresis testing with proper technique

4. Plantability testing

5. Other tests - waxy, mechanical damage, TZ, AA etc.
C.

D.

Provide documentation in the form of reports, manuals and quality
standards/criteria
1.

Quality/production manuals, forms

2.

Quality standards/criteria

3.

Coordinate annual production report

Maintain Plant Breeding's genetic potential and participate in
transforming that potential into a superior product by demonstrating and
encouraging a commitment to quality.
1.

Corn seed field inspection; work with soybean, wheat, sorghum,
sunflower seed field inspection.

2.

Agronomics as it relates to quality

a. IPM
b. Seed handling
c. Genotype X environment - expression of seed quality
d. Drying
e. Work with Plant Breeders, Parent Seed and Production Research
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E.

Continue development and utilization of computer information data base
to assure accurate data and optimum quality seed.
1.

Historic conditioning data
a. Size-out/clean-out
b . Germination
c. Purity
d. Units

Sequence of Functions/Activities
Up to this point the discussion has centered around the ideal theoretical
organization of a Quality Assurance Group. Where the work is "really" done is in
the technical and day-to-day operations of Quality Assurance. A fully integrated
Quality Assurance program may proceed sequentially, as in the following example
in respect to some of the more routine activities.

A.

B.

Planting
1.

Grower selection - top-notch cooperative growers

2.

Hybrid/variety placement - area of adaptation, yield

3.

Isolation - set standards, meet requirements

4.

Plant population - yield, seed size

5.

Timing (nick) -yield, purity

Cultural
1.

Integrated pest management - yield, quality
a. Weed control
b. Insect control
c. Disease control
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C.

D.

E.

F.

Pollination
1.

Roguing - remove off-types

2.

Detasseling - seed purity

3.

Inspection- purity, standards met

Harvest
1.

Proper timing- harvest moisture, quality, yield

2.

Proper equipment operation and cleaning - mechanical damage and
purity

3.

Proper drying and aeration - germination, molds, storability

4.

Proper handling - mechanical damage

Preliminary samples
1.

Supply estimate - number of units to sell

2.

Quality assessment- proactive conditioning decisions based on quality
results

3.

Conditioning instructions - to get proper supply and high quality

Conditioning
1.

Proper screens, equipment - select for supply and quality

2.

Quality checks and counts -monitor quality

3.

"Think" like a customer- seed appearance

4.

Right amount, right product, right place, right time - total supply
management

5.

Treatment- proper amount and color

6.

Bagging - proper packaging, appearance and weight

7.

Tagging - satisfy labeling laws

8.

Proper sampling- obtain representative sample
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G.

Quality testing
1.

Physical purity - foreign material, inert, weeds, etc.

2. Physical quality- appearance
3.

Seed size- proper size for plantability, and unit weight

4.

Plantability- within standards

5. Warm test- using approved methods
6. Vigor test- in-house standards must be met
7. Genetic purity - electrophoresis evaluation

8. Approval for shipment- OK lots for shipment to customers

9. Grow out - check questionable lots
10. Emergence trials - correlate with vigor testing
11. Other tests -waxy, accelerated aging, TZ, fast green, etc.

H.

Carryover
1.

Proper sampling - correct number of bags probed to obtain randomrepresentative sample

2.

Germination - warm test and vigor test

3.

Rework instructions - supply and quality approval

There are a lot of technical data, textbooks, articles, etc., available to document
what you can expect from quality testing. There are also books, handbooks, video
tapes and seminars available that can help you set up and conduct a quality
program. A majority of these information sources on quality programs are
"geared" toward the manufacturing industry. Some of the aspects of these
programs may have application in the seed industry but many do not. Since we
are working with a living biological product, the application of some
manufacturing quality checks does not work very well. But, some of the program
structures and basics goals can benefit the seed industry.
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A Look Ahead
What does the future hold, and what are some of the possible advances in the field
of Quality Assurance? One of the manufacturing quality checks that may have
some limited application in the seed industry is Statistical Process Control.
Quality committees and "circles", while not new, may resurface as a valuable tool
of input for the people working at the plant level in order for them to attain a
desired commitment to quality.
Standardization of vigor tests is also needed in the industry, but adequate
consistency and repeatability is doubtful to the extent it would let all companies
truthfully apply vigor test score on their labels. The environment in which we live
and sell our products is changing. We need to place more emphasis on our
environmental quality, and we need to be prepared to take positive steps in this
area before we are forced to do so by law. The future of pesticides will have a
dramatic effect on seed quality.
Our customers are changing their expectations of seed companies. The customers
in general will be larger and more sophisticated. They may well demand higher
quality products.
The addition of value-added traits through biotechnology and plant breeding will
create new challenges for us in Quality Assurance. This will create a larger
number of products that need to be handled throughout the company. More
products means more testing and more chance for errors. There may be "special"
tests that will need to be conducted to assess the quality of these new "niche"
products.
The future of Quality Assurance looks to be both challenging and rewarding. The
field is in a dynamic stage with change, new challenges and many possibilities.
For any company to make positive strides in the future they will need to have a
good, solid Quality Assurance program that can accept, and meet these new
challenges. We need to assure high quality products because "the customer knows
it when he sees it".

SEED GERMINATION
James C. Delouche 1

Germination is the crucial and final event in the life of a seed. It represents both
the fulfillment and the completion of the basic function of seed - propagation.
Seed - to be sure - have other functions in modern agriculture. They are the main
mechanism by which improvements genetically engineered into plant populations
are transmitted from one crop generation to another. They also function very
efficiently as a convenient means of distributing plant populations throughout
areas of adaptation. The latter two functions, however, are wholly dependent on
germination. A seed that has lost its capacity for germination can neither
transmit genetic improvements nor function in the distribution of desirable plant
populations from one place to another.
Seed are produced to propagate crops and other desirable plant species. A
substantial portion of the operations and activities involved in seed production and
supply are designed to maintain, protect, and/or enhance the propagative value of
seed, i.e., capacity to germinate. Seedsmen, therefore, should have a good
understanding of the germination process and its vulnerabilities.
Germination is the resumption of active growth of the embryonic axis in seed. The
meaning of this definition will be clearer after a brief review of the essential
events involved in seed formation and development.

Seed Formation and Development

At some point in the life cycle of annual plants or the seasonal cycle of perennials,
the balance of physiological processes shifts from growth to reproduction.
Reproductive organs are initiated, develop and mature. Certain cells within the
male and female organs undergo meiosis and produce male and female gametes
with a reduced chromosome number, i.e., one chromosome from each pair. The
stamen which is the male organ produces pollen grains which carry the sperm or
male nuclei. The pistil or female organ consists of an ovary, style and stigma.
The ovary contains ovules within which the female or egg cells are situated- one

1

Director, Seed Technology Laboratory, MSU. Article was first printed in the 1979
Short Course Proceedings.
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egg cell per ovule. In angiosperms two other cells -the polar nuclei- participate
in the overall reproductive act. A pollen grain is transferred from the anther to
the stigma of the pistil. It germinates and produces a tube which grows down
through the style and into the ovary and to an ovule. One sperm nuclei from the
pollen tube fuses with the egg cell while a second nuclei fuses with the two polar
nuclei in the ovule. This double fertilization is characteristic of the angiosperms
or flowering plants. (See Figure 1).
Following fertilization the ovary develops into the fruit (e.g., soybean pod) while
the ovules develop into the seed (e.g., seed within the pod). The fertilized egg cell
divides, multiplies, develops and differentiates into the embryo with 2N
chromosome number (one of each pair from the female and male parents). The
fertilized polar nuclei develop into the endosperm. The seed coat or covering is
derived from maternal tissue - the integuments of the ovule, plus, in some cases,
accessory tissues such as the pericarp (fruit coat) and hulls.
The embryo reaches full development and ceases to grow. Moisture content of the
maturing seed continues to decrease and food reserves continue to accumulate.
Physiological maturity of the seed is attained, i.e., maximum dry matter
accumulation, and dehydration of the seed continues until an equilibrium is
established between the seed and the relative humidity of the field or storage
environment. During seed formation the endosperm develops and constitutes a
major portion of the seed in some species, e.g., the starchy portion of a corn kernel.
In other species the endosperm develops to a point and is then "reabsorbed" with
its "food storage" function taken over by the cotyledons - organs of the embryo.
The events outlined above culminate in the formation of a mature seed. The seed
is very dry- 10 to 14% moisture content. Dehydration ofliving plant tissue to this
degree - and even lower - is unusual. The dehydrated condition of seed is a major
factor involved its remarkable longevity and resistance to environmental stresses.

Components of Mature Seed and Their Functions
The mature "seed unit" consists of three essential components: a seed covering,
storage or supporting tissue, and an embryonic axis in an "arrested" state of
development (Figure 2). Each of the three components of the seed has essential
roles and functions. The seed covering has two functions: a protective function
and a regulatory function. The seed covering maintains a "sterile" condition inside
the seed (ideally), and protects the seed against the invasion of external microorganisms, and mechanical abuse. Seed with fractured seed coverings are much
more susceptible to storage fungi and seed rotting organisms in the soil than those
with intact seed coverings. In terms of protection against mechanical abuse, a
seed with a thick, somewhat elastic seed covering withstands greater mechanical
force than one with a thin, brittle seed covering.
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Figur e 1. Cut-a-way view of a typical per fect flower.
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Embryonic
Axi s

Seed
Covering

Reserves

Figure
2. Generalized scheme of three main components of a seed. The seed
covering has protective a nd regulatory functions; the reserves have a
nutritive function; the function of the embryonic axis is to resume
growth and develop into the plant.
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The seed covering regulates the rate of absorption of water- vapor and liquid and oxygen. Seed always absorb water more rapidly with the seed covering
removed (or ruptured) than when it is intact. The reduction in rate of water
absorption imposed by the seed covering reduces the magnitude of imbibitional
stresses that develop as the "wetting front" moves into the embryonic tissue, thus
minimizing tearing of the tissue. The water absorption regulatory function is also
involved in dormancy mechanisms. In some species the regulation is extreme - the
seed covering is completely impermeable to water (hard seed). In other cases
regulation of the rate of water absorption by the seed covering slows the
germination process which can be advantageous or disadvantageous depending on
the circumstances. A restriction on rate of oxygen absorption imposed by the seed
covering is believed to be involved in dormancy in many species, especially species
of the grass family. The seed covering, therefore, ultimately regulates germination
itself through its regulation of water and oxygen absorption.
The supporting or reserve tissue of seed - endosperm, cotyledons or perisperm contains starch, proteins, fats and oils, minerals, and other substances. During
germination these materials are broken down to provide the energy, "building
blocks", and other nutritional materials required to support the resumption of
active growth of the embryonic axis. The function of the embryonic axis is, of
course, resumption of active growth leading to the development of a seedling.
The mature seed dries naturally or is dried artificially to a moisture content of
8-13%. This level of hydration (moisture content) is extremely low and can - at
best - support only a maintenance level of activity, deteriorative processes, and
physical-physiological changes involved in the "loss" of dormancy. Growth of the
embryonic axis ceased prior to the time physiological maturity was attained which
- it should be recalled - occurs while seed moisture content is still very high, 30
to 60% depending on the species.
Germination can be considered as a complex of physical and physiological
processes which result in the resumption of active growth of the embryonic axis.
Physiologists and biochemists usually consider germination as complete when the
radicle or root tip ruptures the seed covering and becomes visible. Seed
technologists and crop scientists, however, are interested in seedling development
so their definition of germination encompasses both the resumption of active
growth and early seedling development.
Resumption of active growth of the embryonic axis requires the availability of
several environmental factors and conditions.

Requirements for Germination
The basic requirements for germination of seed are moisture, a favorable
temperature, and oxygen.
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Moisture
Moisture is required for rehydration of the seed to levels that can support greatly
increased respiratory activity, the breakdown of complex reserve materials such
as starch, fats and oils, and proteins into simple, mobile, and usable forms, and
the synthesis of new materials for growth. The moisture or water must be
available in the liquid phase. Seed cannot absorb enough water vapor to bring
moisture content high enough to support completion of the germination process.
The liquid water required for germination is normally supplied by the media in
or on which the seed are planted - soil, peat, blotters, etc. The absorption of water
by a seed essentially involves a special type of diffusion called imbibition. Water
- or other mobile material - move from a place or area where it is high in
concentration (purer) to an area where it is lower in concentration (less pure) by
diffusion until an equilibrium is established, assuming, of course, there are no
barriers to such movement. The water in a seed at 10-13% moisture content is not
very concentrated - it is very impure. It is much lower in concentration than the
water in a moist blotter, damp peat, or even relatively "dry" soil. The net
movement ofwater, therefore, is from the media (soil, peat, blotter, etc.) into the
seed. As mentioned above the initial stages of water absorption by a seed are
most physical. They are the same whether the seed is alive and germinable, alive
and nongerminable (dormant), or dead.
As water continues to move into the seed, the cells rehydrate and begin to develop
a pressure - a bit like the pressure which develops as a tire is inflated. Rate of
water absorption slows down as the internal pressure - hydrostatic pressure increases. A point is eventually reached where the hydrostatic pressure in the
seed cancels out any remaining difference in diffusion pressure between water in
the media and seed, and an equilibrium is established. The seed is "fully" imbibed. The "fully imbibed" condition roughly corresponds to the seed moisture
content required for gemination.
The seed moisture content required for germination varies among the species. A
seed of a species of the grass family - grasses, cereals, small grains, etc., must
attain and maintain a moisture content of 30-40% in order for germination to
proceed to the point where active growth is resumed. Other kinds of seed, because
of differences in chemical composition, require higher moisture contents for
germination - 50 to 60% for cotton, soybean, and peanut seed.
Earlier, the statement was made that water absorption by seed involves a special
type of diffusion called imbibition. Imbibition is characterized by a swelling of the
imbibing material (e.g., seed) and the intake of relatively great amounts ofwater
in relation to the initial volume and dry weight of the imbibing material. The
colloidal materials in seed have a great affinity for water and swell as they become
hydrated. Imbibition is also characterized by the production of heat.
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The rate of water absorption by seed is affected by several factors: the
permeability of the seed covering to water; initial moisture content of the seed;
temperature; the relative concentration or purity of water in the seed and in the
media; the extent of forces binding water to the media; the extent of contact of the
seed with the water supply; and the chemical composition of the seed. The coat
or covering of a seed generally restricts the rate of water absorption to some degree, which is desirable.
In some cases, however, the seed covering is
impermeable to water, and no water can be absorbed. This condition is certainly
undesirable at planting time.
Other factors being equal, the rate of water absorption by a seed increases as
temperature increases (within a "biological" range), the initial moisture content
is lower, the area of the seed in contact with water is larger, and the difference in
concentration of water in the media (high) and seed (low) is wider.
Although seed have a great "capacity" for absorption of water, several field
conditions can reduce the availability of water to the extent that the critical seed
moisture content for germination cannot be attained. Lack of rain or evaporation
during seed bed preparation can result in a low supply of moisture in the soil
through the planting depth. Under such conditions rate of water absorption,
hence, germination can be slowed down considerably. If the soil moisture is still
lower, the seed might be able to absorb only enough water to increase moisture
content to 20 to 25%, which is not enough for germination. Until the soil is
resupplied with moisture by rain or irrigation, the seed are in effect "stored" in the
soil at a high moisture content and often at high temperatures. If this "storage"
period is sufficiently long, the seed will deteriorate, be attacked by seed rotting
organisms, and die. Situations such as this are often responsible for stand failures
in late planted soybeans. The soil is too dry to supply enough water for the seed
to germinate but they do increase in moisture content and swell. The soil
temperature at planting depth can in Mississippi range from 80°F during the
night to over 100°F during the day. Soybean seed do not live long under such
conditions.
Planting seed in the fertilizer band reduces the availability of water to the seed
because the fertilizer reduces the concentration of water in the band zone.

Oxygen
A second general requirement for germination of seed is a supply of oxygen.
Oxygen is needed for a great increase in respiratory activity to provide energy
to drive the germination process. Since the atmosphere has an abundance of
oxygen, it becomes limiting for germination only when its availability to the seed
is blocked or impeded by some environmental factor or seed condition. Excessive
moisture in the soil or other media displaces oxygen in the pore spaces and can
reduce its availability to the seed below the threshold level. Many kinds of seed
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die and ferment in soil that is water logged for more than 2 or 3 days. The
covering or coat of some kinds of seed imposes dormancy on the seed because it
restricts absorption of oxygen.
A few kinds of seed such as those of rice and some aquatic plants can germinate
submerged in water - a condition that severely limits or excludes oxygen.
Favor able Temperature

For each kind of seed there is a range of temperature within which the
germination process can proceed to completion in a reasonable period of time if it
is not blocked by dormancy. The classical work on seed germination defines three
cardinal points along the temperature range for germination of a species. These
cardinal points are the minimum or base, optimum, and maximum or ceiling
temperatures. They differ among the different kinds of seed.
The minimum or base temperature is the temperature below which the processes
of germination do not proceed to the point of visible growth of the embryonic axis
within a "reasonable" period of time. For many seed kinds the minimum
temperature is difficult to establish because of its dependence on time. Since the
main effect of a lower temperature on germination is - up to a point - a slowing
down of the germination process, the minimum temperature established in a 10
day germination period is usually higher than when a 15 or 20 day period is
allowed. Temperatures below the minimum but above freezing are usually not
lethal to imbibed seed and do not cause death unless exposure is very prolonged,
there is an interaction with seed rotting micro-organisms, or the seed are
susceptible to imbibitional chilling injury. The seed generally germinate rather
rapidly when the temperature is raised from the sub-minimal level to near the
optimum.
The maximum or ceiling temperature is the temperature above which the germination mechanisms fail and visible growth does not occur. In contrast to the
minimum temperature, the maximum temperature is rather specific and relatively
easy to establish. Further, a temperature above the maximum is usually lethal.
Imbibed seed exposed to temperatures above the maximum die and rot within a
few days.
The optimum temperature for germination is the temperature at which the
maximum percentage of seed germinate in the shortest period.
The cardinal temperatures for germination and their interrelationships can be
illustrated by using a line to represent the temperature range within which
germination takes place:
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Minimum
A.

Maximum

· -----------------------------•-----------·
Vigorous Seed

.----------·-----------·

Minimum

B.

Optimum

Optimum

Maximum

Fresh or Low Vigor Seed

The optimum temperature for germination is generally closer to the maximum
than to the minimum. The major effect of reducing temperature from the
optimum to the minimum is on the rate of germination. The germination process
and early seedling growth become progressively slower as temperature decreases
from the optimum. If enough time is allowed, the percentage of germination is
about the same. On the other hand, increasing the temperature above the
optimum decreases both the rate and percentage of germination regardless of the
time period allowed.
The effect of temperature on germination is strongly influenced by the
physiological condition of the seed. Newly harvested seed, which are often
residually dormant, are usually rather specific in their requirements for
germination. This is related to the dormancy condition. Newly harvested rice
seed, for example, germinate best at about 32°C, while newly harvested wheat
seed do best at 16-l8°C. As seed lose their residual dormancy, the optimum
temperature shifts to a slightly warmer level and the temperature range for
germination increases. The seed become less specific in their requirements for
germination. (See diagrams A and B above).
There is another shift in the temperature requirement as seeds deteriorate. The
seed again becomes more sensitive to temperature, the temperature range for
germination shortens, and the optimum temperature shifts to a cooler level.
Much of the research on temperature relations of germination has been done using
constant temperatures. In nature, of course, seed seldom germinate under
constant temperatures. In most climatic areas there is a daily fluctuation of
temperature from "higher" during the day to "lower" at night. It is not surprising,
therefore, that many species germinate better under alternating temperatures
than at a constant temperature. Most kinds of forage grass seed, for example,
germinate best under such daily alternations of temperature as 15 to 25°C, 20 to
30°C, and 20 to 35°C.
Temperature affects the gemination process in several ways. In general, the rate
of germination increases as temperature increases from the minimum to the
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optimum and even slightly above the optimum. Temperature has a pronounced
effect on rate of respiration and the many other processes involved in germination
including rate of water absorption. As the temperature approaches the maximum,
the detrimental effects of excessive heat on the living system and biological
materials become obvious. There is an increase in the percentage of abnormal
seedlings and decayed seed. When the temperature exceeds the maximum, all of
the seed die within a few days.
Knowledge of the temperature requirements for germination and the range within
which germination occurs is not just of academic interest. It is important in
establishing the most favorable planting dates and in unraveling many stand
establishment problems.

Mobilization of Energy and Food Reserves
The absorption of water by seed "turns on" and/or accelerates metabolic processes
which lead to the resumption of active growth of the embryonic axis in the seed
and support early seedling development. One of the basic processes accelerated
is respiration.
Energy is required for the resumption of active growth of the embryonic axis - for
germination and many of the processes that support germination. The energy
required is provided by respiration. An air dry seed at 10-13% moisture content
respires but at a very low rate. During the water absorption phase of the
germination process, the rate of respiration increases dramatically. Some of the
energy released during respiration is in the form of heat, but most is converted
from some chemical forms to others.
The process of respiration requires a readily available substrata - an organic
compound which can be oxidized to release energy. The basic respiratory
substrate is a simple sugar called glucose. During respiration glucose is oxidized
by complicated processes to carbon dioxide and water with the release of a
substantial quantity of energy. In green plants the organic compounds required
for respiration are formed by the process of photosynthesis, thus the sun is the
ultimate source of energy for plant growth and the production of seed and the
other plant materials that man harvests.
Since photosynthesis is not re-established until after germination is complete and
the seedling has developed to a certain extent, the germination process is
dependent on reserve organic compounds stored in the seed for energy and other
materials. Some ofthose organic compounds are in the embryonic axis in readily
usable forms, e.g., sucrose, and serve as respiratory substrata for the early phase
of the germination process. The bulk of the reserve materials, however, are in the
form of complex, non-mobile (non-translocatable) forms located in specialized
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tissue within the seed. These compounds must be broken down to simple,
translocatable forms to make them available for germination.
The reserve materials in seed occur in three major forms: starch and other
complex carbohydrates, fats and oils, and proteins. The processes which transform
these materials into usable, translocatable forms are termed "mobilization of
reserves." (See Figure 3).
Starch is the principal reserve in cereals and other species of the grass family. It
is stored in the endosperm. During the early phase of gemination, gibberellin, a
hormone present in the scutellum (part of the embryo or gem), moves into the
outermost layer of the endosperm and stimulates the activity of hydrolytic
enzymes which catalyze the breakdown of starch into glucose. One of the steps
involved in the breakdown of starch is the production of maltose, which is, of
course, important in the brewing industry. Glucose is a simple sugar and easily
translocated. It moves from the endosperm into the scutellum where it is
converted into sucrose. Sucrose is then translocated to the active sites in the
embryonic axis for use. The mobilization of stored starch and other complex
carbohydrates in non-grass species such as peas is somewhat different but the end
result is the same - respiratory substrata is made available to the active sites of
the embryonic axis.
When all plant species are considered, the most frequent reserve material is fats
and oils. The evolutionary significance of this situation is that fats and oils - or
lipids - have a higher energy value than starch or proteins. Fats and oils are
broken down by enzymic activity to fatty acids and glycerol. Glycerol is further
broken down to simple compounds which can enter into the respiratory process,
or it can be incorporated in "new" fats and oils. Likewise, the fatty acids are
further degraded into fragments that are readily usable in the respiratory process
or for re-conversion into other materials.
The proteins stored in seed are broken down by enzymic activity into amino acids.
The amino acids liberated are translocatable and are used for synthesis of the new
proteins required for other enzymes, and new plant material, i.e., for growth. Or,
they can be oxidized to provide energy.
The reserve materials stored in seed provide the energy and "building blocks"
needed for resumption of active growth of the embryonic axis and growth and
development of the young seedlings. These materials are made available to the
embryonic axis by "mobilization" processes.
As the seedling develops,
photosynthesis is re-established and it becomes independent of the reserves stored
in the endosperm or cotyledons which decay or shrivel and drop from the seedling.
Man cultivates many species of plants for the reserve materials stored in seed for
his own consumption or for animal feed. Wheat and other cereals are milled to
produce flour for bread and pastries or for brewing. Rice is consumed directly.

60

STARCH
Starch
Maltose

amylases

----~~-~~~-----~

----~m~a~l~t~a~se~------>

Maltose + Glucose
Glucose

PROTEINS
Proteins

----~P~r~o~t~e~i~na~s~e~s~-->

Amino Acids

FATS AND OILS
(Lipids)
lipids _______;,l. .:. iJ;. pa;:;.;s; :_;e; . :;s;.______> Glycerol +Fatty Acids
Glycerol

-----------------~

Respiratory Substrata

Fatty Acids - - - - - --> Acetyl-CoA

Figure 3. Mobilization of food reserves in seed during germination.
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Corn and sorghum are used as human and animal feeds, or for other products
such as edible oil. All of these kinds of seed store primarily starch. The legumes
such as beans, soybeans, peanuts, etc., and species from other families are
consumed directly or milled to produce vegetable oils and protein residues. Man
is fortunate indeed that the seed habit in higher plants evolved with an
abundance of reserves to support the process of germination.

Resumption of Active Growth
The acceleration of respiration during imbibition and the mobilization of organic
reserves provide the energy, fuel and building materials needed for geminationthe resumption of active growth of the embryonic axis. Growth involves cell
elongation· and expansion and cell division, i.e., the production of new cells.
Although the data and observations are not entirely in agreement, it appears that
the first manifestations of resumed growth are the result of the elongation or
expansion of existing cells. And, for most kinds of seed, cell elongation and
expansion begins in the "embryonic" radicle or root. Cell division is initiated later
- a few hours or even days after the onset of cell elongation.
In some species, cell elongation is sufficient to cause the radicle to emerge through
the seed coat. Both cell elongation and division are involved in emergence of the
radicle in other species. The time of radicle emergence is variable among seed
kinds and greatly influenced by temperature. At a constant temperature of 30°C
(86°F) radicle emergence in corn, soybean, sorghum and cotton seed can occur
between 30-38 hrs.
The resumption of active growth begins in the radicle part of the embryonic axis
then "spreads" to the plumule or epicotyl which will develop into the stem, leaves,
branches, etc., of the plant.
During the germination process, some organic materials are "consumed", while
others are synthesized. Since there is no input of new materials into a germinated
seed , an overall decrease in dry weight occurs along with a redistribution of dry
weight. Dry weight is "transferred" from the storage tissue (cotyledons,
endosperm) to the growing embryonic axis, i.e., the seedling. The rate and degree
of this transfer of" dry weight" from storage tissue to the seedling has been shown
to be related to vigor in some kinds of seed.
In the soil the developing radicle or root responds positively to gravity and grows
downward. The plumule or epicotyl responds negatively to gravity and begins to
grow upward. Most seedlings can be classified into two groups on the basis of the
"movement" of the storage tissue (or cotyledons). The storage tissue (endosperm)
and one-cotyledon of seed of members of the grass family - corn, wheat, sorghum,
etc. - remain in place in the soil, and the plumule emerges. Emergence of the
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plumule is facilitated by a conical sheath - the coleoptile - which encloses the
leaves and growing point. The germination mode that maintains the storage
tissue and cotyledons in place in the soil is called hypogeal germination. True
peas have a hypogeal mode of germination - the cotyledons remain in the soil
while the epicotyl or short emerges. (Figure 4).
The germination mode in cotton, beans, soybeans, sunflower, and peanuts is
epigeal. The cotyledons or storage tissue are raised out of the soil. This is
accomplished by growth of the hypocotyl - the portion of the seedling between the
cotyledons and radicle. In soybeans, the hypocotyl emerges above ground in a sort
of "doubled" position. It then straightens and pulls the cotyledons out of the soil.
The seed coat is usually shucked during this process.
During emergence and seedling establishment, reserves are continually drawn
from the storage tissue. Cotyledons that emerge above the soil generally become
green and photosynthetic. Later, they sh rivel and are dropped from the
developing plant. Storage tissue and cotyledons that remain below the soil do not,
of cour se, become green and photosynthetic. They serve in a nutritive role until
the reserves are exhausted and then decay.
As the seedlings develops, a photosynthetic capability is established and it
becomes autotropic - i.e., independent of stored food reserves for its nutrition.
And, the growth and development cycle of the plant continues.
The term germination is properly associated with the resumption of active growth
of the embryonic axis in a seed. However, it is also applied to the resumption of
active growth of the buds and other meristemic areas in vegetative structures used
for propagation of plants. A potato is not a seed but has many similarities in
structure and function. A potato tuber has a covering, stored food, and a bud.
When exposed to favorable conditions, the stored food is mobilized, and the bud
resumes active growth - the potato germinates and a "seedling" develops. A joint
of sugar cane, a tulip bulb, an iris rhizome also function in many ways like a seed.
Germination is a basic process in plants. Only in recent years have we begun to
understand its complexity and some of the intricate mechanisms involved. As our
knowledge grows and the mechanisms involved become clearer, greater control of
the germination process should be possible for the benefit of crop production.
Considering the complexity of germination and the many mechanisms involved,
it is not surprising that the process can and does fail. Nature compensates for
germination failures by a general abundance in seed production. Man has
followed this same route in crop production. Traditionally, a relative abundance
of seed is planted to compensate for gemination failures. Although this tradition
is still followed, it is becoming increasingly inappropriate in modern crop
production.
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Figure 4. Emerging seedlings of: sorghum, A; soybeans, B; and peas, C.
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Germination Failure
Seed fail to germinate and develop into seedlings for many reasons. Under the
optimum conditions in the laboratory, germination failure is usually associated
with dormancy, severe mechanical damage, or deterioration that has progressed
to the point of loss of the capacity to germinate.
In the field where conditions are seldom optimum for germination and emergence,
seed fail to germinate for the same reasons mentioned above. In addition,
germination failure is often associated with deficiencies in the requirements for
germination, soil micro-organisms and insects, birds and other animals,
toxification by herbicide residues and other agri-chemicals in the soil, or a
combination of these factors. Sometimes they do germinate but fail to emerge
because planting depth is too great, or crusting of the soil is severe.
Stand failures are usually the result of interacting effects of several to many ofthe
hazards and adversities that can be operative in the seed bed, and their
interaction with physiological quality or vigor of the seed.
The major hazards to germination and emergence in spring planted crops are low
temperature and excessive moisture in the soil which usually occur together.
Weather fronts moving in often lower the soil temperature to a level marginal for
germination and produce rain which saturates the soil and reduces the oxygen
supply. If these conditions persist for a long enough period, many seed fail to
germinate and rot. Even when soil temperature is relatively favorable, heavy
rains can result in flooding for several days, and this is oft.e n sufficient to cause
germination failure. The oxygen supply required for germination is cut off.
Preparation of the seed bed often dries the soil to a level marginal for germination,
especially in the top two inches. Under such conditions some farmers plant deep
to get the seed "into the moisture", while other plant shallow and hope for a rain.
A heavy rain on deep planted seed can produce a thick compact zone and crust
which defies emergence of many kinds of seed. A shallow planting depth would
produce better results. However, shallow planting in anticipation of rain can also
be disastrous when the rain doesn't come. The seed absorb some moisture and
increase in moisture content, but not enough for germination. Sunny weather
warms the top few inches of soil. The combination of elevated seed moisture
content and warm temperatures causes rapid deterioration so that the seed
weaken and die if rain is delayed long enough.
Although cold or cool soil temperatures are usually the most adverse for spring
planted, warm season crops, high soil temperatures can also be detrimental.
Germination failure of soybean seed begins at a temperature of about 100°F even
when other conditions are good. Soil temperatures in the South- toward the end
of the soybean planting period in late June and early July- can rise well above
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100°F during the day, and not drop lower than 90°F during the night. Treated
seed usually survive such conditions - until the temperature moderates - better
than untreated seed.
Treatment of seed with fungicides also indirectly protects them against other
adversities such as low temperature, excessive moisture and so on. The fungicides
don't cause the seed to germinate at lower temperatures or reduced oxygen.
Rather, they protect the seed from soil micro-organisms which attack and destroy
seed when conditions are not favorable for rapid germination and emergence.
The interaction of seed vigor and stresses in the seed bed in stand failures is well
established. Vigorous seed are less sensitive to conditions in the seed bed than
seed low in vigor. Therefore, they germinate and emerge under a wider range of
temperatures, soil moisture levels, and are most resistant to attack by soil
micro-organisms. When conditions are extremely adverse, however, even high
vigor seed fail to germinate and/or emerge.
Over-planting is the traditional response to the unpredictability of field conditions,
hence, uncertainty regarding emergence. Many more seed are planted than
required to produce a desirable plant population when conditions are favorable:
"one for the crow, one for the snow, and one to grow". When the crows don't come
around and the snow falls elsewhere, the excessive plants need to be thinned.
Cotton seed, for example, used to be drilled thickly to ensure an adequate stand.
When conditions favored a more than adequate stand, a lot of "cotton chopping"
had to be done.
The modern trend in crop production is planting to a stand. A certain number of
seed are planted per acre at specific in-row and between-row spacings with the
expectation that a certain number of plants will be produced. The requirements
for planting to a stand are high quality seed, and close monitoring of weather
conditions so that planting is done when the probability of favorable conditions for
germination and emergence is high. Presently, planting to a stand is standard
practice in corn production and the production of many kinds of vegetables. Yield
and quality of yield in these crops is closely associated with plant population
and/or spacing and thinning is prohibitively expensive. There is no doubt that the
practice of planting to a stand will be extended to other crops. When it is,
germination failure will become even more important than it is now.

Summary
Germination is th e crucial and final event in the life of a seed. It can be defined
as the resumption of active growt h of the embryonic axis. A seed requires
moisture, a favorable temperature and oxygen for germination. Rehydration of the
seed sets in motion a chain of reactions which provide the energy and building
blocks for the resumption of active growth and development of the young seedling.
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Germination failure is caused by many factors and conditions. These range from
deterioration of the seed and loss of the geminative capacity to the mechanical
impedance to emergence from soil crusts formed after sowing.

THE RELATIONSHIP BETWEEN SEED DENSITY/SPECIFIC
GRAVITY, SEED QUALITY AND PLANT PERFORMANCE 1
Charles C. Bask.in2
Density is defined by Webster as "the ratio of the mass of an object to its volume."
One common measure of density is weight/unit volume, for example weight per
bushel. Specific gravity is defined by Webster as "the ratio of the weight or mass
of a given volume of a substance to that of an equal volume of another substance."
We generally think of liquids when we refer to specific ·g ravity. The specific
gravity of pure water is 1.0. Altering the viscosity of pure water changes its
specific gravity. For example, dissolving a material such as sucrose in water will
increase the specific gravity of the liquid. The specific gravity of numerous other
liquids is less than one. These may be used alone or mixed with water. If mixed
with water, the specific gravity of the water mixture becomes less than one. Thus,
solutions that differ in specific gravity can be obtained and used to separate
materials such as seed into specific gravity groups or classes in a manner similar
to separations made with air and mechanical devices such as a gravity table that
are used to separate seeds into density groups or classes.
Density and specific gravity are quite similar but not the same. Seed separated
by either means will perform similarly, i.e., high density seed will perform
similarly to high specific gravity seed. However, if a sample of seed is separated
into density groups by mechanical means, then any one of the groups can be
further separated into specific gravity classes using liquids. In general, a more
precise separation can be made with liquids than with air or by mechanical
means.
Both methods of separation have advantages and disadvantages. Liquids are
generally more difficult to work with than mechanical equipment. Liquid systems,
at present, are not very adaptable to high capacity seed cleaning and conditioning
operations as are gravity tables and aspirators. Seeds such as soybeans absorb
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the liquids at a more rapid rate than seeds such as sorghum. This tends to create
problems with soybeans and similar type seeds.
The general relationship of seed quality to density or specific gravity is that
quality of the seed increases as they increase. This is relative to the viability of
the seed, i.e., high density seed may be very low in germination and some low
density seed may be alive and germinable. In a given population of seeds with 50
to 80% or higher germination, however, the high density seed will generally be
better quality than the low density seed.
Seeds of the same kind with similar germinations generally have a similar
density/seed quality relationship, however, differences among varieties has been
reported for sorghum and rice. In a study by Wattiranggoon (1989), seeds of three
sorghum hybrids were similar in that approximately 80 to 95% of the seed were
in the 1.26 to 1.34 specific gravity classes, while 80 to 90% of the seed of the two
other sorghum hybrids were in the 1.18 to 1.26 specific gravity classes (Table 1).
Similar variation among varieties in distribution of seeds among specific gravity
classes was observed in rice by Sung and Delouche (1962) (Table 2). A much
higher percentage of seeds of the Belle Patna and Blue Bonnet 50 varieties was
in the >1.16 specific gravity class than those of the variety Nato. This variation
in specific gravity among hybrids and varieties is a phenomenon that might be
expected among different varieties of other species as well. There are differences
among wheat varieties in test weight, for example. There are several factors that
may affect seed density:

+

Seed kind (rice 45 lb/bu, corn 56 lb/bu, wheat 60 lb/bu)

•

Variety

•

Weathering (weathered seed are less dense)

•

Insect and disease damage

+

Mechanical damage

+

Maturity (fertility and drouth can affect maturity, immature seed
are less dense)

Relationship to Laboratory Performance
Germination generally increases as seed density/specific gravity increases. This
relationship is well illustrated in the results obtained by Cortes (1987) for
sorghum (Tables 3 and 4); Sung and Delouche (1962) for rice (Table 5); Peske
(1976) for bahiagrass (Table 6), Unsrisong (1987) for soybean (Table 7), Johnson
et al. (1973) for cotton (Ta ble 8), and Srijugawan (1975) for wheat (Table 9).
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Distribution by weight (%) of seeds of five grain sorghum hybrids in
seven specific gravity classes.

Table 1.

Specific Gravity
Hybrid . >1.3.4

Brand ~

1.30

1.26

1.18

1.22

1.14

<1.14

--------------------------------------910-------------------------------------DekalbPfizer
DekalbPfizer
Funk
Cargill
Cargill

DK-50

2.9

49.8

38.7

6.9

0.9

0.4

0.4

DK-46

7.9

42.6

33.6

10.9

2.8

1.1

1.3

12.1
0.0
0.0

69.8
6.0
3.7

13.2
47.0
18.0

2.6
35.9
39.0

0.9
7.3
22.2

0.4
2.5
10.0

0.7
1.3
6.0

HW-7380
575
1091

Mter Wattiranggoon (1989).

Table 2.

Distribution by weight (%) of combine run rice seed of three cultivars
in four specific gravity classes.
Specific Gravity

..
Cultivar
Belle Panta
Nato
Blue Bonnet

1.14

1.16

0.13

4.02

91.55

10.37

6.59

12.88

70.16

6.84

4.86

3.96

84.34

1.10

1.11

4.30

Mter Sung and Delouche (1962).

1
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Table 3.

I

Relationships between average weight per bushel (density) and
average germination of seed of seven sorghum cultivars/lines.

Volume Weight
(lb/bu)

I

56.7 a*
55.9 b
52.6 c
Ungraded

Germination
%

I

92 a
86 g
67 d
81 c

After Cortes (1987).
*Means not followed by the same letter are significantly different at the 0.01
level of probability as determined by Student Newmans Kuel's test.

Table 4.

I

Relationship between specific gravity and average germination of
seed of four sorghum cultivars/lines.
Specific Gravity
>1.34
1.30
1.26
Ungraded
1.22
1.18
1.14
<1.14

I

Germination %
97a*
96a
90ab
86b
68c
51d
39e
26f

After Cortes (1987).
*Means not followed by the same letter are significantly different at the 0.01
level of probability as determined by Student Newmans Kuel's test.

I
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Table 5.

Germination percentage of rice seed by specific gravity class.
Specific Grav ity

Cultivar
Belle P anta
Nato
Blue Bonnet 50

<1.00

1.05

1.10

1.13

1.16

1.20

>1.20

57
48
67

92
77
83

92
87
93

97
78
97

98
95
100

97
92
100

97
95
100

After Sung and Delouche (1962).

Table 6.

Relationship between seed density and germination of pensacola
bahiagrass.
Density
(wtJbu )

I

I

39 (ungraded)
31
40
42
45

Germination
%

I

57b
28c
58b
68a
72a

After Peske (1976).
*Means not followed by the same letter differ significantly at the 0.01 level of
probability as determined by Duncans New Multiple Range Test.

Table

I

7.

Relationship between seed specific gravity and seed germination at
two quality of two cultivars of soybeans.
Specific Gravity
<1.16
1.18
1.20
>1.20
Ungraded

I

Germination %
64
79
83
83
81

I

b
a
a
a
a

After Unsrisong (1987).
*Means not followed by the same letter differ significantly at the 0.05 level of
probability as determined by DMRT.
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Table 8.

Relationship between density and germination of two lots of acid
delinted cottonseed.

Cultivar

I

I

Density Class
(lblbu)

I

Germination
%

Stoneville 7A

49
4 7 (Ungraded)
46
42
36

82
81
76
68
42

a
a
ab
b
c

Stoneville 213

50
48
46 (Ungraded)
47
41

85
83
77
79
59

a
a
a
a
b

I

After Johnson et al. (1973).
*Means within cultivars not followed by the same letter differ significantly at the
0.05 level of probability as determined by DNMRT.

Table 9.

Mean germination percentages within each weight class for 25 lots
of wheat seed.

I

Weight Class

I

Mean Germination(%)

Original seed

87 be

Light seed

84 d

Medium seed

89 ab

Heavy seed

90 ab

I

After Srijugawan (1975).
*Means not followed by common letter differ significantly at .05 level of
probability according to DNMRT.
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Cotton seeds ranged from 36 to 50 lb/bu in density and 42 to 85% in germination
(Table 8). Wheat seeds from three classes (light, medium and heavy) ranged from
85 to 90% germination, while sorghum seeds ranged from 52.6 to 56.7 lb/bu and
germinated from 67 to 92%, compared to 81% for the ungraded seed (Table 9).
When separated into specific gravity classes ranging from less than 1.14 to greater
than 1.34 sorghum seed germination ranged from 26% to 97% while ungraded
seed germinated 86% (Tables 3 and 4). Rice seeds ranging in specific gravity from
less than 1.0 to greater than 1.2 ranged in germination from 48% to 100% among
three varieties (Table 5). Bahiagrass seeds ranged from 31 to 45 lb/bu and
germinated from 28 to 72% with ungraded seed germinating 57% at 39 lb/bu
(Table 6). Differences among density/specific gravity levels were more pronounced
in the grains than in soybeans and to some extent than in cotton. The differences
among varieties was quite pronounced.
Differences in performance of seed of different density/specific gravity levels is
often evident in laboratory tests other than germination. Low density (light)
wheat seed germinated lower after accelerated aging than did the original sample
and other density fractions, (Srijugawan, 1975, Table 10). The speed of
germination index was highest in Pensacola bahiagrass when density was 42 lb/bu
or greater, (Peske, 1976, Table 11). Radicle and plumule growth of three varieties
of rice were measured by Sung and Delouche (1962). Both plumule and radicle
length increased as specific gravity increased. Again, there were differences
among varieties Belle Panta and Blue Bonnet responded similarly, while Nato
produced somewhat less plumule growth and considerably less radicle growth.
Plumule and radicle growth of hybrid grain sorghum were measured by
Wattiranggoon (1989). Differences were greater in radicle growth (Table 12).
Assman (1983) evaluated 12 lots of gravity graded soybeans using the tetrazolium
test and found that the percent high vigor seeds increased and the percent low
vigor seed decreased as weight per bushel increased (Table 13). Similar responses
were reported by Gregg (1969) for cotton seed. As weight per bushel increased
germination after accelerated aging and soil cold test emergence increased (Table
14).

Relation ship to Fiel d Performance
Field performance of seed of different specific gravity/density classes for the
different crop species has not differed as consistently as have laboratory tests.
Differences in plant growth responses in rice related to seed density were observed
by Rocha (1975). Days to head exertion, anthesis and seed maturity decreased as
seed specific gravity increased but the performance of plants from seed in the high
specific gravity classes were not different from the ungraded sample (Table 15).
Similar results were obtained by Islam (1976). Plants from seeds in the lower
specific gravity classes required more time to head exertion, anthesis and
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Table 10.

I

Mean germination percentages within each weight class for 25 lots
of wheat seed after accelerated aging at 40°C-100% relative
humidity.
Weight Class

I

I

Mean Germination(%)

Original seed

82 ab

Light seed

78 c

Medium seed

82 ab

Heavy seed

84 a

After Srijugawan (1975).
*Means not followed by common letter differ significantly at .05level of probability
according to DNMRT.

Table 11.

Relationship between seed density and speed of germination of
pensacola bahiagrass.

I

Density (wt/bu
39 (Ungraded)
31
40
42
45

I

Speed of Germination Index

I

4.43 b
2.37 c
2.48 b
5.25 a
5.75 a

After Peske (1976).
*Means not followed by the same letter are significantly different at the 0.05
level of probability as judged by DNMRT.
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Table 12.

Effects of specific gravity of the seeds on the radicle length after 5
days under standard germination test conditions for five sorghum
cultivars.
Cultivar

Specific
Gravitv

DK-50

DK-46

Cargill575

HW-7380

Cargill1091

-----------------------------------------------mm---------------------------------------------------

>1.34

95 A

106 A

113 AB

-

-

1.30

91 A

103 A

123 A

116 A

81 A

1.26

94 A

102 AB

116 AB

111 AB

80 A

1.22

84 AB

87 ABC

1.18

79 B

79 BC

1.14

66

c

87

c

70 AB

c

79 D

64 AB

c

67 E

67 E

57 B
42

101 B
86

99

<1.14

52 D

59 D

65 D

47 F

Control

81 B

97 AB

104 B

103 BC

c

73 A

After Wattiranggoon (1989).
*Means within a cultivar not sharing th e same letter differ significantly at the
0.05 level of probability as determined by th e SNK t est.

Table 13.

Percentage high and low vigor seed in twelve lots of soybean seed of
different density classes; vigor r atings determined by tetrazolium
test.
Seed Density Classes

Ungraded

Heaviest

2

3

4

High
Vigor

Low
Vigor

High
Vigor

Low
Vigor

High
Vigor

Low
Vigor

High
Vigor

Low
Vigor

High
Vigor

Low
Vigor

30.7

18.36

39.8

12.1

36.8

15.3

28.6

18.1

18.7

26.0

After Assman (1983).
*Means not followed by the same upper case (high) or lower case (low) letters are
significantly different at the 0.05 level of probability as determined by SNK test.
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Table 14.

Standard germination, germination after accelerated aging and soil
cold test emergence of seed from different density classes of 19 lots
of acid delinted cottonseed.

Weight/Bu
Obs.)

Standard
Germination(%)

Germination After
Ace. Aging (%)

Soil Cold Test
Emergence(%)

33

35

12

18

39

68

30

45

41

75

43

48

42

74

54

50

44

80

67

63

45

80

73

65

46

80

68

67

After Gregg (1969).
Table 15.

Number of days to 50% panicle exertion, anthesis, and maturity
of plants produced from five specific gravity classes of
Starbonnet rice seed.
Days after Planting

Seed Classes
Specific Gravity
Check
1.00-1.05
1.05-1.13
1.13-1.20
>1.20

Exertion

Anthesis

Maturity

97.6
104.0
98.5
97.6
96.3

101.6
108.1
102.6
101.5
100.3

142
151
148
142
142

After Rocha (1975).
Data were not an a lyzed statistically.
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maturity, but there was no significant differences between the ungraded sample
and the higher density classes. Differences in plant height of soybeans related
to seed density were erratic (Unsrisong 1987). In 1985 there were no differences
while in 1986 growth pattems did not correlate to seed density classes (Table 16).
Differences in field emergence and days to anthesis for plantings with different
seed size classes of pearl millet seed were observed by Lawan et al. (1985). Small
and medium size, low density seed were significantly lower in field emergence
and required a longer period of time for anthesis than the other seed size/density
fractions of the lot (Table 17). There were no significant differences in
performance of medium and high density, small or medium size seed and no
significant difference in performance of the large seed fraction oflow, medium or
high density seed.

Relationship to Yield
Differences in yield related to density of seeds plants have been demonstrated in
some species but not in others. The performance of rice plants from seeds from
different specific gravity classes was studied by Rocha (1975). Yield from the
highest seed density class, > 1.20, was significantly higher than other classes.
When yields were compared, using the yield of the check sample as 100%, the
highest density class produced 27.8% more rice. This is a considerable difference
in yield. Islam (1976), however, did not find any significant differences in yield
of rice plants between the check (ungraded sample) and the higher density seed
classes.
Johnson et al. (1973) reported differences in yield among different seed density
levels of gravity graded cotton seed (Table 18). Yield is favored for the higher
density seed. With one exception, seed with a bushel test weight of 46 pounds or
higher produced the higher yields. Unsrisong (1987) did not find any significant
differences in yield between seed vigor levels or among seed density classes in
soybean (Table 19).
Yet, evidence favoring the superior performance of high density/high specific
gravity seed is abundant. Kreig and Bartee (1975) made the following
statements:

+

"Results suggest that seed density is the best predictor of
cottonseed germination, emergence and potential seedling vigor".

+

"Seed separation for improvement in seed quality (of cotton) should
be based on density rather than other seed properties."

Tupper (1969) working with cottonseed stated:
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Table 16.

Differences in height of centennial soybean plants (em) at 21 days
are related to seed specific gravity class.
Year

I

Specific Gravity Class

I

1985
14.5
15.0
15.5
15.0
14.9

>1.16
1.18
1.20
>1.20
Non-Separated Seed

1986

a
a
a
a
a

20.6
19.8
18.9
19.6
19.2

I

a
ab
b
ab
b

After Unsrisong (1987).
*Means within columns not followed by the same letter are significant at the
0.05 of probability as determined by SNK test.

Table 17.

Effect of seed density and seed s ize on field emergence and days to
anthesis of pearl millet.
% Field Emer gence

Seed
Density

Days to Anthesis

Small

Medium

Large

Small

Medium Large

Low

40

43

59

70

66

63

Medium

57

57

58

63

63

63

High

59

57

62

63

63

63

After Lawan et al. (1985).
LSD 0.05 for comparing interaction means; field emergences
anthesis = 3.

= 6%

days to
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Table 18.

The relationship between seed density (wt/bu ) and yield of two
cultivars of cotton.

Density Class
D- 1
Ungraded
D- 2
D- 3
D- 4

Stoneville 7A
Density wt/bu
Lint yield (lb/A)
49.3
47.3
45.9
42.3
36.8

989 a
900 a
820 b
929 a
774 c
Stoneville 213

D- 1
D- 2
Ungraded
D- 3
D-4

50.0
48.3
46.0
46.5
41.4

1027 a
969 a
944 a
851 b
772 b

After Johnson et al. (1973).
*Means not followed not followed by the same letter differ significantly at the
5% level of probability as determined by DNMRT.

Table 19.

Yield oftwo cultivars of soybeans as influenced by seed quality level
and specific gravity class.
Seed Quality Level

Specific Gravity Class

>1.16

High

Low

------------------tons/ha--------------2.16
2.05

1.18

2.29

2.26

1.20

2.14

2.34

>1.20

2.13

2.14

Non-Separated Seed

2.36

2.23

After from Unsrisong (1987).
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+

"In a combined analysis of germination and growth, seed density
had such a strong influence on the earliness of germination that it
overshadowed the influence of seed weight on growth."

Although high density/specific gravity of planting seed does not always translate
into yield, the increases in germination, rate of seedling growth, and earliness of
plant development and maturation provide enough advantages to justify
conditioning of seed to produce a high density product.
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PACKAGING EQUIPMENT
Murland Taylor1

Packaging equipment in general and equipment used in the seed industry today
must be divided into categories or types of equipment used to package various
products into marketable sizes depending on the next or end use of the product.
Consider whether the product is a bulk transfer to be repackaged or is it packaged
for a direct end user. Many seed chemicals and or pesticides are packed- shipped,
to another location, perhaps blended, broken down into smaller lots, and
repackaged one to two times before being offered to the end user or final customer.
Therefore, each step must be examined in the overall packaging process.

Types of Packaging
For this presentation relating to the field the agriculture use, I will discuss five
general categories that best represent packaging equipment in use.
Each category then can also be broken down into many sub-species of that general
line which could be carried out to infinity, there being hundreds of variations of
each. We will only examine the more popular ones for this discussion. The five
divisions or categories we will examine are: 2
•

Valve Packers - Pneumatic & Auger

•

Open Mouth - Mechanical & Electronic
Also Pinch - Sewn - Heat Sealed Closures

•

Small Package- OM- Box= grams to 10 lb.

•

Box & Drum - 10 to 500 lb (mostly, 20 - 100 lb.).

•

Bulk Bag - 500 to 4500 lb.

1

President, Taylor Products, Parsons, KS.

2

Mr. Taylor's talk was illustrated with a series of slides which, unfortunately,
cannot be reproduced here.
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Valve Packers and Open -Mouth Packers
Looking at valve packers, we can recognize basically two valve packer means, each
with sub-species. The more popular valve packer is the air-pneumatic packer
represented by the Model C granular type packer- beam and electronic weigh.
This series is the most popular unit used in the seed industry, all seeds being of
granular or particle make up. The Model A packer series is most used in
agricultural applications for packaging chemicals, pesticides, fungicides, etc.,
which tend to be of a powder make up. The differences between Models C & A
are: C packers are for granular products only, while A packers are designed for
powders coming into single- or multi-packer arrangements.
Under valve packers we then have a series of auger packers where a turning
auger is used as the conveying means in place or air conveyance. This simple, low
cost packer allows entrance into valve packaging on a limited basis quickly. The
BD model auger packer, a more complex, higher power machine, is most used for
chemicals/insecticides but also for hard coated seeds, such as wheat - milo seeds,
etc. It is not recommended for beans and other friable seeds.
BD - large auger packers are quite versatile as they can be converted to open
mouth use for very dusty products with a dust tight bag spout and can also be
converted to box and drum filling applications.
As an addition to all the aforementioned valve packers, automatic placement of
bags is possible and becoming more popular daily. Also, valve sealing or heat
sealing of the valve is now possible but rates are slow.
Open mouth bag filling equipment is quite varied ranging from the very simple
mechanical beam balance scale to the very sophisticated electronic weigh units
with multiple weigh chambers, automatic weight correction, automatic reject
capability, computer interface, record keeping, inventory control, automatic bag
placement, closing, flattening, palletizing and full pallet stretch wrapping -- all
possible largely through the use of modern process controllers, computers and
printers.
The simple OM scale is still in wide usage throughout the seed-ag industry and
has performed quite well during its time period. It is simple and reliable and
usually coupled to or with a conveyor sewing head assembly.
Modern electronics with memory and computing capability will soon make obsolete
all mechanical scales due to the increased accuracy, speed and utility of the
electronics. The TE-100 scale introduced by Taylor Products Co. years ago is
already becoming the scale of choice in the 25 to 125 pound bag field. This very
advanced scale was intentionally designed to fit into the same space as the
mechanical scales it replaces and can self-correct to a pre-set weight. It has
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automatic reject capability and will not drop a bag over or under weight. It also
has offset capability so it can be set for light, slow flowing products or heavy, fast
flowing materials. It clamps and drops bags automatically, a very advanced and
exclusive electronic design. Without doubt this scale has the largest capability in
one printed circuit board of any scale yet developed. There are several other
electronic - pneumatic scales each designed to meet customer criteria.

Small Packaging Systems
Very small packages from a few grams up to 10 pounds, used widely for garden
seeds, grass seeds, bird seed, peas, beans, popcorn, fertilizer and food, including
coffee - pizza topping - pasta - candy, etc., can be nicely handled by systems
designed for small packages. The small packaging systems are a very popular
category as there are many small packages on the market. Some are belt feeder
models. Many are in stainless steel construction and are often interfaced with
form fill bag making machines or vacuum pack machines. The small package
class of scales, while sometimes small in size, is a large segment of our market
and can become very complicated when interfaced with automatic sealing - bag
making equipment.

Systems for Packaging Large Boxes and Drums
The next group of packaging machines, a step up from the small package line,
includes the large box drum filling equipment. They are usually for 20 to 100 lb.
cartons, drums or buckets but can easily go up to full barrel size and are used
extensively in the chemical industry for insecticides, pesticides, herbicides, etc.
The larger units quite often include automatic indexing, carton folding units and
lidders and all can have the various electronic options.

Big Bag Packers
The big bag IBC, intermediate bulk container, packers are the newest in
packaging and the fastest growing segment of the packaging industry. They
require large, robust equipment to fill, empty and handle the large bags and
require substantial investment for good equipment.
The IBC 3000 filling system is a compact unit for bags up to 3000 lb. and 60
inches tall. This covers most of the field. It is also capable of filling Gaylord·
boxes and drums and has many options and electrical code combinations.
The IBC 4000 units are the real heavy weights of the industry, made for bags up
to 4500 lbs. in weight and up to 96 inches tall.
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Bulk bags are now widely used in the seed, chemical and food industry as an
economical means of moving bulk or large shipments of materials which will then
be broken down into smaller lots or blends. The controls, weighing electronics,
batch systems are quite complex and varied for the bigger systems.
After large bags are filled and shipped, emptying or unloading becomes very
important especially so when the product is a chemical which may be dangerous
or a food product. While seeds can be direct dumped into airplanes, spreaders or
conditioning hoppers, food and chemicals are quite different.
The units can also have vibrated or live bottom action to move powders, aeration,
can feed into many transfer devices as screw feeders, rotary feeders, pneumatic
conveying systems and powder pumps. They can have weigh down, hatching, as
well as multiple bag accumulated weight functions.
Taylor products has developed and patented a safe sanitary unit for emptying bulk
bags where the operator does not come in contact with the product or dusting from
the product. The bag is set in a stand, flap opened, the spout is tied off and sealed
before the last tie of the bag is opened.
In-line check weigh scales as a means to validate the weight and reject off weights
are becoming common for automated bag, box and drum filling lines as a last look
to be sure everything is working as they should. Automation requires more
controls to assure good products.

Special Features
We have now looked at the major packaging equipment systems. There are more
but they still fall generally into these groupings. I have also mentioned in passing
the increased emphasis on electronics and their capabilities and what is expected
today.
Electronic weigh meters may be somewhat simple with one set point to stop
weight at a present point, or may include multiple set points, automatic
corrections, and over/under reject.
Larger units will include all the above plus a process controller with relay, timing
and count outputs with expansion ports, T cat or timer, counter access terminal
with touch pad modification, key lock out for complete filling, weighing, hatching
and automatic indexing positioning. Programs are written in-house for each
requirement: weighing electronics, DC motor speed control to control rate of feed·,
and fast and slow speed.
As packaging/weighing systems become more sophisticated written documentation
becomes more important and must be developed for each unique operation. A
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manual, therefore, is assembled and printed for each application. Taylor Products
has three auto card programmer operators now performing this function. The
manual includes: a drawing of the panel outside with all dials, readout, and
controls; a list of part numbers; an inside drawing showing placement and
terminal locations; a wiring diagram - again with each part identified; several
pages of electrical drawings; a listing of all parts and their functions - step by step
sequence; a program sequence - with trouble shooting guide; a rung by rung
program written for the unit. All programs are written in-house.

The Future?
What is new or in the future-- more memory, more functions, more everything.
We have been the leader in new, electronic capabilities in the packaging field and
intend to remain so, therefore, we have started a development program in which
we will develop and build our own exclusive and dedicated computer, complete
from scratch. There are commercial computers out there that can with proper
programming be used but as in everything they are not intended for our dedicated
purpose. Most are programmed in machine language with limited capability. We
want C language with our packaging capability. We have the personnel and will
write our own program. I see this as being a system we will initially use on the
larger higher priced scales. As time goes by, I am sure the price will allow its use
on more and more units. When in operation this computer will zero itself on a
continuous update. Put a 1 pound weight on it and tell it "that's 1 pound, now
calibrate yourself to 4000 lb or 1 pound," and it will do so.
It will have BCD - RS232 - 4 - 20 MIL AMP serial outputs to talk to printers and
other computers, and be able to add - totalize batch accumulate, and read bar
codes - Bar Codes - Bag Dump, etc.

Many new and exciting things are coming!

SEED PACKAGING
Robert A. Nelson1

It's a pleasure to be with you today and discuss packaging and shipping
containers.
It is important that you see equipment manufacturers, packaging manufacturers,
and consumers like yourselves, share information and develop together improved
methods and containers for products which enrich our lives.
At Bancroft, we ar e dedicated to responsible packaging. And, Bancroft is dedicated
to agriculture. Being founded in 1924 at West Monroe, LA, we were attr acted to
that location by the then recent gas discoveries, and the location of carbon black
producers. But it soon became evident that additional base sales were needed.
The knowledge of agriculture and the core of interest in agricultural community
by the owners and employees of Bancroft, made this a natural transition in our
early years, and it r emains today.

En vir onmental Issu es
I would like to ask the followin g questions of our audience:

1

1.

How many of you are aware of environmental, ecology and
conservation programs?

2.

How m any have an organized reclaiming program for waster
materials?

3.

What do you do with used packaging materials? Bags, etc? Burnincinerate - plant site - municipality bury - give to waste hauler other???

4.

Do your bags include barrier plies: polyethylene, foil, polypropylene.

Regional Manager , Bancroft Bag, Inc., Portage, IN.
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Usually bags are constructed for the most cost effective protection of the products
contained. Would you voluntarily pay more to obtain the same protection with
environmentally friendly barriers?
The reason I ask this is, we are developing alternate barriers to help protect the
environment.
Many times we find even better product protection with
environmentally friendly products but there are higher costs associated with them.
Keeping in mind your current disposal costs using whatever method you do, and
assuming a base cost of 45 per bag, what cost increase could you assume?

II

15%
51-3/4

25%
56-1!4

40%
63

50%
67-1!2

II

We expect the environment to become protected legislatively in the very near
future. Many areas have already done so and I reference the State of Illinois
mandating the dumping of yard wastes (estimated at 20% of metropolitan waste
retrieval) must now be placed in special paper sacks for composing.
How many of you participate in programs like this?

Varieties of Bags
At Bancroft we manufacture a variety of bags including PVSE, PBOM, SOS,
WEBB, SOM, LBSOS, and Barriers.

Barriers
Polyethelyne, polypropylene, foils, combination of four laminates, sarans, silicone,
water shed and oil resistant treatment, flame resistant, bleached, colored, clay
coated liner board papers; ingraft, reversed buffed, machine glaze, super
calendared, and ribbed finishes; each barrier designed for specific purpose.

PVSE - Pasted Valve Stepped End Bags
Special paste patterns, and adhesives so th ey are more moisture resistant; sift
resistant, with a variety of closures, TIS, PElS, PAP-IS, double trap, 1!2 sleeves,
compounded sleeves for heat seals, air seals, ultra sonic seals, water seals, and
several others we're not quite ready to discuss.
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PBOM - Pinch Bottom Open Mouth
With sp ecial interplay paste patterns. Variety of end closu res including standard
A-32 hot melt of anything in a variety of temperature sealing lines, polyamide hot
melts to resist oils and gasses and a variety of hot melt poly resins for a ll lineal
seams. We can place single and double tail scores to give bottom and closure ends
improved memory for appearance and ease of closure. Manufactured with all the
papers we discussed, in sizes of .3 to 2.8 cubic foot a pproximate, with or without
heat sealing.

SOS - Self Ope ning Style Bags
Special sift r esistant stepping and pasting patterns developed over nearly 40 years
of experience with custom made m achinery; can manufacture from 2 to 5 plies.
With a ll the special papers and barriers including the very difficult silicone release
papers, in si zes of 3/4 foot to over 3 cubic foot.

Webb Style Bags
This is a proprietary bag made only at Bancroft. It incorporated the square
bottom of SOS, and strength, and integrity of stepped end, and can be made in
valve or pinch open mouth, or flush cut sewn field closures, with or without heat
sealing. Can be run in sizes of 1 114 to 3 cubic foot with gussets of 4-3/4 inch or
larger. This is becoming an increasingly useful package to improve shipping and
warehou se density and lower damage.

SOM - Sewn Ope n Mouth
In full size and construction ran ges of 1/4 to 3 cubic foot. Variety of thread and
tape closings to resist acid, chemicals, oil, heat, easy open and heat sealed styles.

LB-SOS
We manufacture square bottom , lap bottom sacks with a full range of barrier and
construction plies. Very soon we will have patch, roll, and h eat seal bottoms for
this style bag. Each of these will have flush cut tops suitable for sewing, heat
sealing, roll folding or other closures.
Bancroft has pioneered the high resolution printing processes which has come to
dominate the printing field. We can print from our smallest bag to nearly 60"
width w ith six colors and more plus lacquer. Printing is done in line work, or
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process dot to coverage to 160 line screen on acceptable substrates and
polyethelyene, with PE, lacquer, antiskid and watershed finishes over print.
Bancroft has been on a cost monitoring basis of each order since the early 70's.
It was a tremendous aid in converting to our statistical process control program
initiated four years ago. We are generally acknowledged as being a leader in
these systems and frequently have competitors request our specific programs
which are available by purchase or lease.

Bulk Bags
Bulk-Pack, Inc. was formed in May 1980, to meet the growing needs of the flexible
intermediate bulk container (FIBC) industry. We are proud of our continued
growth and success in meeting the needs of our customers with a top quality bulk
bag to meet their needs. quality is embodied in our people, in our products, & in
our performance. We are committed to providing our customers products and
services that conform to agreed requirements.
FIBC's (Bulk Bags) are designed as a "cost-effective" method of shipping and
storing of dry bulk products ...whether it be powder, pellets, flakes, or granular.
FIBC's eliminate the need for pallets and elaborate packaging equipment.
Bulk bags are made of woven polypropylene fabric for its strength, durability, and
low cost. The bags are reinforced with polyester webbings and have polyester
webbing lift loops and crane lift features as needed. Some bags are made with the
fabric having a polycoating to the inside and others have a clear polyethylene liner
inserted for added protection against moisture and contaminates.
Capacities range from 20 CU FT TO 200 CU FT, usually 2000 lbs to 4000 lbs of
product. There are some standards to start with ... the shape, whether reusable
or disposable, and the weight capacity.
The variety of products is endless: chemicals, minerals, dyes, resins, feed, seed,
grain, food products, salt, nuts, plastics, sand, clay, cement, pharmaceuticals,
fertilizers, etc., not to mention special uses such as for waste from oil rigs ....... or
spills.
With the great variety of products, comes the need for special requirements that
can be made into the design of the bulk bag to meet your needs to make the bag
most efficient for the situation. The right combination of fabrics, filling spouts,
discharge chutes, lifting devices, prints, color coding, etc., can make the bulk bag
"th at's right for your needs".
The primary reason for using FIBC's (Bulk Bags) is the benefits that the user
receives. The advantages are numerous:
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•

Labor costs can be dramatically reduced. Bulk bags can be filled and
emptied in a fraction of the time it takes for smaller 50-100 lb bags to
fill and empty. Compare the ease and speed of 1 bag w/3000 lbs to fill
and empty w/a draw string..... to 60 50 lb. bags or 30 100 lbs. bags.

+

Capital cost of developing FIBC systems is minimal. Filling equipment
can be purchased for relatively low price or many companies simply
modifY their existing equipment.... further reducing initial costs.

+

Convention equipment... standard handling device is fork lift

+

Bulk bags can be stacked up to 3 high in a pyramid configuration.
They can be stored outside, adding to their versatility.
The
polypropylene fabric is ultra-violet treated for protection from the sun.

•

Bulk bags can be shipped by all modes of transportation. There is no
need for pallets unless overhead lifting is restricted.

•

Improved waste and dust control is possible with the use of bulk bags.
Working conditions are improved due to the lack of physical handling
of bulk by the plant operators.

•

Bulk bags are economical: They are priced competively with others
industrial packaging and your savings go to your bottom line. For and
Example:
A.

truck.

Bulk Bag: 35 CUFT W/DUFFLE TOP DISCHARGE CHUTE
APPROX. $15.00
PRODUCT 58 LBS/CU FT 2000 LB/BAG
2 ABREAST IN 40' TRAILER (BAG TARE 6 LB.
PKG COST FOR 40,000 LBS ... 20 BULK BAGS
$300 OR $15 PER TON

This simple example of savings does not show the savings in other areas, labor
intensive operation of manually pelletizing paper bags,other costs for strapping,
stretch wrap of shrink wrap. Use of the bulk bags reduces contamination and
damage, faster turnaround in shipping, maximizes available space, reduces time,
paperwork and cost of frequent bag, drum or pallet orders.
Seed Companies Save!
A company was using 50 lb. paper bags for storing delinted cotton seed. When his·
customer ordered seed the bags were torn open and dumped into the hopper and
the seed treated as required by the customer. It was not only labor intensive and
time consuming but costly too, interims of storage bags and product waste as bags
were not emptied completely.
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Switching to bulk bags made a significant difference ... by storing the de linted
cottonseeds in bulk bags ... each holding 50 bushel + the company was able to
eliminate the expense of paper bags. One man operates the forklift to move to and
from storage areas and empty the bulk bags into hoppers for treatment. (Which
takes only minutes without waste). After treatment the seed is packaged as
required by t h e customer.
A similar experience.... with similar savings was reported by a company that
handles seven varieties of soybean seed ... so storage could get complicated and
expensive. "We modified our treatment equipment slightly to accommodate. Bulk
bags and carne out with a streamlined operation we are satisfied with" is the
report.
Another "fringe benefit" revealed was that there was a reduction in damage from
rodents .... seems rats prefer paper over the polypropylene fabrics!

BULK PACKAGING
Sandy Vaughan 1

Bulk-Pack, Inc. was formed in May 1980, to meet the growing needs of the flexible
intermediate bulk container (FIBC) industry. We are proud of our continued
growth and success in meeting the needs of our customers with a top quality bulk
bag to meet their needs. Quality is embodied in our people, in our products, and
in our performance. We are committed to providing our customers products and
services that conform to agreed requirements.
FIBC's (Bulk Bags) are designed as a "cost-effective" method of shipping and
storing of dry bulk products ... whether it be powder, pellets, flakes, or granular.
FIBC's eliminate the need for pallets and elaborate packaging equipment.
Types and Characterisics

Bulk bags are made of woven polypropylene fabric for its strength, durability, and
low cost. The bags are reinforced with polyester webbings and have polyester
webbing lift loops and crane lift features as needed. Some bags are made with the
fabric having a polycoating to the inside and others have a clear polyethylene liner
inserted for added protection against moisture and contaminates.
Capacities range from 20 cu ft to 200 cu ft, usually 2000 lbs to 4000 lbs of product.
There are some standards to start with ... the shape, whether reusable or
disposable, and the weight capacity.
The variety of products is endless: chemicals, minerals dyes , resins, feed, seed,
grain, food products, salt, nuts, plastics, sand, clay, cement, pharmaceuticals,
fertilizers, etc. not to mention special uses such as for waster from oil rigs ....... or
spills.
With the great variety of products, comes the need for special requirements that
can be made into the design of the bulk bag to meet your needs to make the bag
most efficient for the situation. The right combination of fabrics, filling spouts,

1

Bulk-Pac, Inc., Dennison, TX.
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discharge chutes, lifting devices, prints, color coding, etc. can make the bulk bag
"that's right for your needs".

Advantages of Bulk Bags
The primary reason for using FIBC'c (Bulk Bags) is the benefits that the user
receives. The advantages are numerous:

+

Labor costs can be dramatically reduced. Bulk bags can be filled and
emptied in a fraction ofthe time it takes for smaller 50-100 lb bags
to fill and empty. Compare the ease and speed of 1 bag w/3000 lbs.
to fill and empty w/a draw string..... to 60 50 lb. bags or 30 100 lb.
bags.

+

Capital cost of developing FIBC systems is minimal. Filling
equipment can be purchased for relatively low price or many
companies simply modify their existing equipment... further reducing
initial costs.

+

Conventional equipment... standard handling device is for lift truck.

+

Bulk bags can be stacked up to three high in a pyramid
configuration.
They can be stored outside, adding to their
versatility. The polyropylene fabric is ultra-violet treated for
protection from the sun.

+

Bulk bags can be shipped by all modes of transportation. There is
no need for pallets unless overhead lifting is restricted.

+

Improved waster and dust control is possible with the use of bulk
bags. Working conditions are improved due to the lack of physical
handling of bulk by the plant operators.

+

Bulk bags are economical. They are priced competively with other
industrial packaging and your savings go to your bottom line. For
example:
Bulk Bag: 35 cu ft w/duffle top discharge chute approx. $15.00
product 58 lbs/cu ft 2000 lb/bag 2 abreast in 40' trailer (bag tare
6 lb pkg cost for 40,000 lbs ... 20 bulk bags $300 or $15 per ton.
50 lb. bag: A pallet of 40 bags approx. 20.50 $0.35 each for
polylined multi wall plus $6.50 for pallet trailer capacity 19
pallets 39000 lbs $396.50 or $20.50 per ton.
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This simple example of savings does not show the savings in other areas, labor
intensive operation of manually palletizing paper bags, other costs for strapping,
stretch wrap or shrink wrap. Use of the bulk bags reduces contamination and
damage, faster turnaround in shipping, maximizes available space, reduces time,
paperwork and cost of frequent bag, drum or pallet orders.
A company was using 50 lb. paper bags for storing delinted cotton seed. When his
customer ordered seed the bags were torn open and dumped into the hoper and
the seed treated as required by the customer. It was not only labor intensive and
time consuming but costly too, in terms of storage bags and product waste as bags
were not emptied completely.
Switching to bulk bags made a significant difference ... by storing the delinted
cotton seeds in bulk bags ... each holding 50 bushel and the company was able to
eliminate the expense of paper bags. One man operates the forklift to move to and
from storage areas and empty the bulk bags into hoppers for treatment which
takes only minutes without waste. After treatment the seed is packaged as
required by the customer.
A similar experience .... with similar savings was reported by a company that
handles seven varieties of soybean seed ...so storage could get complicated and
expensive, "we modified our treatment equipment slightly to accommodate bulk
bags and came out with a streamlined operation we are satisfied with."
Another "fringe benefit" revealed was that there was a reduction in damage from
rodents ....seems rats prefer paper over the polypropylene fabrics!

REGISTRATION
ALABAMA

Peter Ranalet
Int'l. Forest Seed Co.
P . 0. Box 290
Odenville, AL 35 120

Jim Bostick
Alabama Crop Imp. Assn.
P. 0. Box 2546
Aubum, AL 36831

Shelton E. (Gene) Allred
Frit, Incorporated
P. 0. Box 1589
Ozark, AL 36361-1589

Bob Burdett
Alabam a Crop Imp. Assn .
P. 0. Box 2546
Aubum, AL 36831

Charles May
K-F Seeds
P . 0. Box 804
Troy, AL 36081

Darrell L. Knight
Delta & PineLand Company
P . 0. Box 8426
Dothan , AL 36304

Kenny May
K-F Seeds
P. 0. Box 804
Troy, AL 36081

Jim Clemmons
Clemmons & Hamner Seed, Inc.
Route 3, Box 323-1
Killen, AL 35645

ARIZONA

Keven McLaughlin
Clemmons & Hamner Seed, Inc.
Rt. 3 , Box 323-1
Killen, AL 35645

Alberta Ochoa
Delta and PineLand Co.
P . 0. Box 1006
Casa Grande, AZ 85222

Jeffrey Quillen
Clemmons & Hamner Seed, Inc.
Route 3, Box 323-1
Killen, AL 35645

Janie Wagner
Delta and Pine Land Co.
P . 0 . Box 1006
Casa Grande, AZ 85222

Mr. & Mrs. Kenneth Potts
Potts Seed Cleaners
Rt. 2, Box 196
Newton, AL 36352

ARKANSAS
David Stanley
Cain & Stanley, Inc.
Route 2, Box 191
Augusta, AR 72006
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Craig S. Allen
Northrup King Co.
P. 0. Box 729
Bay, AR 72411

Jimmie Shatsar
AR State Plant Board
#1 Natural Resources Dr.
Little Rock, AR 72205

Greg Watkins
USDA-Soil Conservation Ser.
P lant Materials Center
Rt. 2, Box 144B
Booneville, AR 72927

John Paul Jones
Holden-Conner Seed &
Grain, Inc.
Rt. 2, Box 190
Newport, AR 72112

Lonnie Langston
Shipping Systems, Inc.
Rt. 3, Box 20
Crossett, AR 71635

Noyal Jones
Holden-Conner Seed &
Grain, Inc.
Rt. 2, Box 190
Newport, AR 72112

Rodney Moncrief
Dumas Seed Cleaners
115 East Choctaw
Dumas, AR 71639
Mr. & Mrs. Hershel Haile
Southern Farmers Associate
P.O. Box 817
Forrest City, AR 72335
Gregory Bassi
Greenfield Seed Company
Route 1, Box 60
Harrisburg, AR 72432
John R. Rorex
Grenfield Seed Company
Route 1, Box 60
Harrisburg, AR 72432
Steve Zoeller
Pioneer Hi-Bred Int'l., Inc.
Route 6, Box 256A
Jonesboro, AR 72401
Aaron Palmer
AR State Plant Board
#1 Natural Resources Dr.
Little Rock, AR 72205

CALIFORNIA
Javier Garcia-Santana
Northrup King (Mexico)
P. 0 . Box 3478
Calexico, CA 92231
James A. Giardina
Northrup King Co. (Mexico)
P. 0. Box 3478
Calexico, CA 92231
Francisco Vargas
Northrup King (Mexico)
P. 0. Box 3478
Calexico, CA 92231
Bob Ballensky
J. G. Boswell Company
P.O Box 457
Corcoran, CA 93212
Ken Dulin
J . G. Boswell Company
P. 0. Box 457
Corcoran, CA 93212

103
Steve Stanford
J. G. Boswell Company
P. 0. Box 457
Corcoran, CA 93212

Fred Fabre
Cal\ West Seeds
P. 0. Box 1428
Woodland, CA 95695

John Chiles
Campbell's Seeds
Rt. 1, Box 1314
Davis, CA 95616

COLORADO

Joe Duenas
Sunseeds Genetics, Inc.
9800 Fairview Road
Hollister, CA 95023
Patrick Wirz
Sunseeds Genetics, Inc.
9800 Fairview Road
Hollister, CA 95023

Mr. & Mrs. Jim Stanelle
Colorado Seed Growers
Agronomy Dept.
Colorado State Univ.
Fort Collins, CO 80521
William J. Donnell
Oliver Mfg. Company, Inc.
P .O. Box 512
Rocky Ford, CO 81067

FLORIDA

Hossein Robani
Ferry Morse Seed Co.
P. 0. Box 4938
Modesto, CA 95352

Mr. & Mrs. Ed Watson
Harley Watson Farm
P. 0. Box 366
Lake Harbor, FL 33459

Michael J. Lavelle
ESCA Genetics Corp.
830 Bransten Rd.
San Carlos, CA 94070 - 3305

Nicholas Eigsti
E igsti Co.
210 25th St., SW
Naples, FL 33964

Philip Shrauger
Petoseed Co., Inc.
P. 0. Box 4206
Saticoy, CA 93004

Andy E. Harrison
Florida Seed Co. Inc.
P . 0. Box 2230
Ocala, FL 32678

Tom Bei
Cal\ West Seeds
P. 0. Box 1428
Woodland, CA 95695

GEORGIA

Rick Carothers
SeedTec International, Inc.
P. 0. Box 2210
Woodland, CA 95695

Glenda Sue Roach
USDA-SCS
Americus Plant Materials
Rt. 6, Box 417, Morris Drive
Americus, GA 31709
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Doug MeWhorter
Georgia Seed Dev. Commission
2420 S. Milledge
Athens, GA 30605

Charles R. Finley
Golden Harvest Seeds, Inc.
513 E. Locust
Bloomington, IL 61701

Howell Mathis
Lewis M. Carter Mfg. Co.
P. 0. Box 428
Donalsonville, GA 31745

Zeke Stanfield
Stanfield, Inc.
P. 0. Box 279
Bloomington, IL 61702

David Sandlin
Lewis M. Carter Mfg. Co.
P. 0. Box 428
Donalsonville, GA 317 45

Wes Wilcox
Ciba-Geigy Seed Division
1301 W. Washington St.
Bloomington, IL 61701

Tommy Ethell
Pineland Plantation
Rt. 1, Box 115
Newton, GA 31770

Katherine A. Reading
Seedburo Equip. Company
1022 W. Jackson Blvd.
Chicago, IL 60607

Cledus Penny
Pineland Plantation
Rt, 1, Box 115
Newton, GA 31770

Bill Wiesbrock
Cargill Hybrid seeds
P . 0. Box 747
Grand Ridge, IL 61325

Milze Lamb
Georgia Seed Dev. Commission
Foundation Peanut Ctr.
Plains Hwy.
Plains, GA 31780

Michael Erickson
Union Special Corporation
One Union Special Plaza
Huntley, IL 60142

ILLINOIS
Joel Francque
Wyffels Hybrids
P. 0. Box 246
Atkinson, IL 61235
Gary L. Cutter
Cargill Hybrid seeds
R. R. 3, Box 751
Aurora, IL 60506

Mark Mead
Pioneer Hi-Bred Int'l., Inc.
Box 119A, RR#1
LeRoy, IL 61752
Donald W. Schafer
Pioneer Hi-bred, Inc.
Route #1, Box 132B
Litchfield, IL 62056
Glen R. Barber
Craw's Hybrid Corn Co.
P . 0. Box 306
Milford, IL 60953
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Jim Brown
Crow's Hybrid Corn Co.
P. 0. Box 306
Milford, IL 60953

Dan Rubenacker
Ill. Crop Imp. Assn., Inc.
508 S. Broadway
Urbana, IL 61801

J.D. Butler
Crow's Hybrid Corn Co.
P. 0. Box 306
Milford, IL 60953

Penny Schall
Ill. Crop Imp. Assn., Inc.
508 S. Broadway
Urbana, IL 61801

Carroll Kamin
Crow's Hybrid Corn Co.
P. 0. Box 306
Milford, IL 60953

Cheryl L. Miceli
PanAmerican Seed
P. 0. Box 438
728 Town Road
West Chicago, IL 60185

Pat Krupke
Crow's Hybrid Corn Co.
P. 0. Box 306
Milford, IL 60953
Jim Anderson
Northrup King Co.
RR 5, Box 4B
Paris, IL 61944
Jeff Liebe
Northrup King Co.
RR5, Box 4B
Paris, IL 61944
Mr.& Mrs. Chris Pflederer
Sommer Bros. Seed Co.
P. 0. Box 248
Pekin, IL 61554
H. A. (AL) Stults
Stults Scientific Eng. Corp.
3313 S. 66 Freeway
Springfield, IL 62703
Steve Carlson
IL Crop Imp. Assn. , Inc.
508 S. Broadway
Urbana, IL 61801

Ruth Sellman
PanAmerican Seed Co.
728 Town Road
West Chicago, IL 60185

INDIANA
Art Liley
Clipper Company
P. 0. Box 256
Bluffton, IN 46714
David Mrozinski
Clipper Company
P. 0. Box 256
Bluffton, IN 46714
David H. Bach
Kerkhoff Bros.
P. 0. Box 32 SR 29
Burlington, IN 46915
Tom Boller
Kerkhoff Bros.
P. 0. Box 32 SR 29
Burlington, IN 46915
Richard E. Helmuth
Helmuth Corporation
828 E. 116th Street
Carmel, IN 46032
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Dan Yoder
Pioneer Hi-Bred Int'l., Inc.
416 N. Center St.
Flora, IN 46929
Jeff Weber
Gustafson, Inc.
P. 0. Box 5288
Fort Wayne, IN 46895
Steve Beckham
AMOS
P. 0. Box 5613
Lafayette, IN 4 7903
Dennis Lytle
Pioneer Hi-Bred
7900 Pine Road
Plymouth, IN 46563
Robert A. Nelson
Bancroft Bag, Inc.
Box 487 Ogden Dunes
14 Summit Rd.
Portage, IN 46368
Michael J. Henry
CIBA-GEIGY Seed Div.
P. 0. Box 163
Rockville, IN 47872
Stan Friend
Pioneer Hi-Bred Int'l., Inc.
1000 West Jefferson
Tipton, IN 46072
Gene Hodges
Pioneer Hi-Bred Int'l., Inc.
1000 West Jefferson
Tipton, IN 46072
Paul Stone
Pioneer Hi-Bred Int'l., Inc.
1000 West Jefferson
Tipton, IN 46072

IOWA

Thomas R. Johnston
Custom Seed Equipment
P. 0. Box 495
Altoona, IA 50009
Allen D. Knapp
Seed Laboratory
Iowa State University
125 Seed Science Center
Ames, IA 50011
Tom Stringer
CIBA-GEIGY Seed Division
P. 0. Box 266
Belle Plaine, IA 52208
Raymond Philpott
Corn States Hyb. Ser., Inc.
2505 McKinley Ave.
Des Moines, IA 50321
Michael Pugsley
Corn States Ser., Inc.
2505 McKinley Ave.
Des Moines, IA 50321
Jerry Vlach
Corn States Ser., Inc.
2505 McKinley Ave.
Des Moines, IA 50321
Walt Stachon
Northrup King Co.
300 American Ave.
Jefferson, IA 50129
Glen Burgess
Pioneer Hi-bred Int'l., Inc.
7000 Pioneer Parkway
Johnston, IA 50134
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Bruce Hill
Pioneer Hi-Bred Int'l., Inc.
7000 Pioneer Parkway
Johnston, IA 50131
Mike J ermier
Pioneer Hi-Bred Int'l., Inc.
7000 Pioneer Parkway
Johnston, IA 50131
David K. Langer
Pioneer Hi-Bred Int'l., Inc.
7000 Pioneer Parkway
Johnston, IA 50131

LOUISIANA
Allen Brown
Louisiana Agri. Exp. Sta.
Dean Lee Research Station
8105 East Campus Avenue
Alexandria, LA 71302
Rob Robertson
Louisiana Agri. Exp. Sta.
Dean Lee Research Station
8105 East Campus Avenue
Alexandria, LA 71302

Bill Long
Lynks Seed Company
1562 Taylor Ave.
Marshalltown, IA 50158

Michael D. Materne
USDA-Soil Conservation Ser.
P . 0. Box 16030
University Station
Baton Rouge, LA 70893

James G. Berquam
Northrup King Co.
P. 0. Box 478
Waterloo, IA 50704

Tommy Biles
USDA-Soil Conservation Service
P. 0. Box 2202
Galliano, LA 70354

Clark A. Kolsrud
Thorkols Farm
Rt. 1, Box 238
Waukon, IA 52172

Lawrence Higginbotham
Hollybrook Gin, Inc.
P. 0. Box 743
Lake Providence, LA 71254

KANSAS
Murland L. Taylor
Taylor Products Co., Inc.
RR4 Box 296-A
Parsons, KS 67357

Robert J. Vanderlick
Lou Ana Foods, Inc.
P . 0 . Box 591
Opelousas, LA 70571-0591

MARYLAND
Ron Whittaker
Taylor Products Co., Inc.
RR4, Box 296-A
Parsons, KS 67357

Dale Morris
Maryland Dept. of Agr.
50 Harry S. Truman Pkwy.
Annapolis, MD 21401
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Gail Hurd
Crop Genetics Int'l.
7249 National Drive
Hanover, MD 21076

Laurent Leduc
Northrup King Co.
P. 0. Box 959
Minneapolis, MN 55440

Karen Moon Koenig
Crop Genetics Int'l.
7249 National Drive
Hanover, MD 21076

Pablo Rosete
Northrup King Co.
P. 0. Box 959
Minneapolis, MN 55440

MICHIGAN

K. A. Siddiqui
Northrup King Co.
P. 0. Box 959
Minneapolis, MN 55440

Mr.&Mrs. D. Longanbach
Crippen Mfg. Co., Inc.
P. 0 . Box 350
Alma, MI 48801
Christopher Tiedje
Michigan Crop Imp. Assn.
P. 0. Box 21008
Lansing, MI 48909

MINNESOTA
Leslie Curry
Northrup King Co.
P. 0. Box 38
Amboy, MN 56010
Barry Kuhlmann
Northrup King Co.
P. 0. Box 38
Amboy, MN 56010
VVayne VV. Applegate
American Amaranth, Inc.
P . 0. Box 196
Bricelyn, MN 56014
Steve Cashman
CEA: Carter-Day Co.
500-73rd Ave. , N.E.
Minneapolis, MN 55432

Francisco Vargas
Northrup King Co.
P. 0 . Box 959
Minneapolis, MN 55440
Dale Benjamin
Slidel Co.
P . 0 . Box 710
Owatonna, MN 55060
Denny Bakke
Forsbergs, Inc.
P . 0. Box 510
Thief River Falls, MN 56701
Ted Heino
Peterson-Biddick Co.
P. 0. Box 190
VVadena, MN 56482

MISSISSIPPI
James B. (Barry) Burt
Delta Seed & Services
P. 0. Box 378
Arcola, MS 38722
Robert E. Hendrix
Gustafson Inc.
P. 0. Box 4948
Greenville, MS 38701
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James A. Wolfe
SCS-Plant Materials
Suite 1321, Federal Blg.
100 West Capitol Street
Jackson, MS 39269

Olivia Kline
Delta and Pine Land Compan y
P. 0. Box 157
Scott, MS 38772

John Scarborough
Farmer Elevator
Leland , MS 38756

Issac Lidge
Delta & Pine Land Company
P. 0. Box 157
Scott, MS 38772

Mitchell Baugh
Delta & Pine Land Co.
P . 0. Box 157
Scott, MS 38772

Gay Long
Delta and Pine Land Company
P. 0. Box 157
Scott, MS 38772

Howard Brown
Delta and Pine Land Co.
P. 0 . Box 157
Scott, MS 38772

Clyde V. Smith
Production Manager
Delta and Pine Land Co.
P. 0. Box 157
Scott, MS 38772

J . T . Dickerson
Delta & Pine Land Company
Box 157
Scott, MS 38772
Jobyna France
Delta and Pine Land Company
P . 0. Box 157
Scott, MS 38772
Benny F. Gaines
Delta & Pine Land Company
P . 0. Box 157
Scott, MS 38772

Lane Holland
Delta & Pine Land Company
P. 0. Box 157
Scott, MS 38772
Oliver (Coot) Jones
Delta & Pine Land Compan y
P. 0. Box 157
Scott, MS 38772

Randle Smith
Delta and Pine Land Co.
P. 0 . Box 157
Scott, MS 38772
Mr. & Mrs. Randy Johnson
Mississippi Seed, Inc.
P. 0. Box 686
Tunica, MS 38676

MISSOURI
Frank Fletcher
Missouri Seed Imp. Assn.
3211 Lemone Ind. Blvd.
Columbia, MO 65201-8245
H. W. Wells
Missouri Seed Imp. Assn.
3211 Lemone Ind. Blvd.
Columbia, MO 65201-8245
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Charles Martin
Tarkio Pelleting Co.
P. 0. Box 247
Tarkio, MO 64491

OHIO

NEBRASKA

Milo George
Provico Seeds
Box 579
Botkins, OH 45306

Mark L. Ferguson
AgriPro Biosciences, Inc.
P. 0 . Box 245
Blair, NB 68008

Mr. & Mrs. Tom Ramsey
J. M. Hiser Seeds
2311 Mile Tree Road
Clarksburg, OH 43115

Clayton E. Cobb
J. C. Robinson Seed Co.
919 W. 23rd Street
Fremont, NB 68025

Doug Wittman
Golden Acres Seed Co.
P. 0. Box 4
Croten, OH 43013

Steve Martin
J. C. Robinson Seed Co.
100 J. C. Robinson Blvd.
Waterloo, NB 68069-0301

Jesse D. Greene, Jr.
Madison Seed Co., Inc.
R. R. #1
London, OH 43140

NEW JERSEY

Charlie Carr
The Andersons Mgt. Corp.
P. 0. Box 119
Maumee, OH 43537

Joe Musumeci
Swedesboro Seed Co.
P. 0. Box 397
Woodstown, NJ 08098
NORTH CAROLINA
Robert B. Wright
A.R. McKay Process Mach., Inc.
P.O. Box 96
Hickory, NC 28603
Carl R. Gurley, III
Carl R. Gurley, Inc.
P. 0. Box 995
Princeton, NC 27569

Jim Neumeyer
The Andersons Mgt. Corp.
P. 0. Box 119
Maumee, OH 43537
Robert Bischoff
Countrymark, Inc.
P . 0 . Box 215
Monroeville, OH 44811
Darrell Z. Sheppard
Countrymark, Inc.
154 E. Pearl St., Box 261
Rockford, OH 45882
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OKLAHOMA

TENNESSEE

Fred Hamilton
Golden Peanut Company
P . 0. Box 747
Durant, OK 74701

Dave Grimm
Asgrow Seed Company
5680 Gaywinds Ave.
Memphis, TN 38115

Lynn A. Rose

Vigil Harden
Harden Processing Equip.
Sales, Inc.
P. 0. Box 18880
Memphis, TN 38181

Hobart Seed Co.
P. 0. Box 811
Hobart, OK 73651
OREGON
Ann Juurma
Betaseed, Inc.
P. 0. Box 360
Tangent, OR 97389
Glenn Mahrt
Betaseed, Inc.
P. 0. Box 360
Tangent, OR 97389
Bruce Peters
Betaseed, Inc
P . 0. Box 360
Tangent, OR 97389

AI Hoggard
Helena Chemical Co.
5100 Poplar, Suite 3200
Memphis, TN 38137
Bill Wall ace
Harden Processing Equip.
Sales, Inc.
P . 0. Box 18880
Memphis, TN 38181
TEXAS

PENNSYLVANIA

Matt Keating
CIBA-Geigy
29 16 Harwood Rd. #307-G
Bedford, TX 76021

Mr. & Mrs. Charles Schmidt
C W Schmidt Farms
11768 Neiger Rd.
Guard, PA 16417

A. Edward Percival, Jr.
USDA-ARS
Route 5, Box 805
College Station, TX
77840

Mr. & Mrs. Joe Beebe
RD 4, Box 226
Towanda, PA 18848

Michael H . Wheeler
USDA-ARS
Cotton Path. Res. Unit,
Rt. 5, Box 805
College Station, TX 77840

Thomas E. Klein
Mercator Corporation
728 Penn Avenue
West Reading, PA 19611

Mr. & Mrs. Kyle W.Rushing
Gustafson, Inc.
P. 0. Box 660065
Dallas, TX 75266-0065
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Mr. & Mrs. Daniel A. Thomton
Winco Agri. of Texas, Inc.
P 0. Box 337
Eagle Lake, TX 77434

Gary Billups
Westrup, Inc.
1400 Preston Rd. , #400
Plano, TX 75093

John R. Bunch
Garrison Seed Company
P. 0. Drawer 2420
Hereford, TX 79045

Flemming Christiansen
Westrup, Inc.
1400 Preston Road,
Suite 400
Plano, TX 75093

Key Crawford
Garrison Seed Co.
P. 0. Box 2420
Hereford, TX 79045
Bill Hardy
Jackson Delinting, Inc.
P. 0. Box 996
Lubbock, TX 79408
Cris Gwinn
Big Crop Seed, Inc.
P. 0. Box 5866
Lubbock, TX 79417
Cindy Hardy
Jackson Delinting, Inc.
P. 0. Box 996
Lubbock, TX 79408
Bruce Carlson
Northrup King Co.
P. 0. Box 189
New Deal, TX 79350
Paul G. Johnson
Northrup King Co.
P. 0. Box 189
New Deal, TX 79350
Barry Love
Pioneer Hi-Bred Int'l. , Inc.
P. 0. Box 1506
Plainview, TX 79073-1506

Jimmy Shaver
Peas, Inc.
P. 0. Box 130
Pleasanton, TX 78064
Mike Neill
Triumph Seed Co, Inc.
P . 0. Box 1050
Ralls, TX 79357
Daryl Zevely
Triumph Seed Co., Inc.
P. 0 . Box 1050
Ralls, TX 79357
Robert L. "Bob" Berwick
Douglass W. King Co.
P. 0 . Box 200320
San Antonio, TX 78220
WEST VIRGINIA
Marjorie McCutcheon
W. V. Dept. of Agri.
4 720 Brenda Lane, Bldg. 11
Charleston, WV 25305
WISCONSIN
Mr. & Mrs. Timothy T. Tryon
Loveland Industries
4134 Mandrake Rd.
Madison, WI 53704
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CANADA
Bill Witbeck
Alberta Agriculture
Bag Service #4 7
Lacombe, Alberta TOC 1SO
Jennifer Fuhr
Fuhr Farms, Ltd.
P. 0. Box 3670
Spruce Grove, Alberta T7X3A9
Earl Froebe
Agassiz Seeds
Homewood, Manitoba ROGOYO
Louis Mailloux
Pioneer Hybrid, Ltd.
P. 0. Box 730
Chatham, Ontario NOP2CO

MEXICO
Leticia Bustamante
Universidad Autonoma Agraria
"Antonio Narro"
Buenavista
Saltillo, Coahuila 25315
Manuel Estrella
Universidad Autonoma Agraria
"Antonio Narro"
Buenavista
Saltillo, Coahuila 25315
Federico Facio
Universidad Autonoma Agraria
"Antonio Narro"
Buenavista
Saltillo, Coahuila 25315
Alejandro Moreno
Universidad Autonoma Agraria
"Antonio Narro"
Buenavista
Saltillo, Coahuila 25315

Jesus Ortegon-Perez
Universidad Autonoma Agraria
"Antonio Narro"
Buenavista
Saltillo, Coahuila 25315
Gerardo Aranciuia-Gomez
AS PROS
Apartado #90
Toluca, Mexico
Ricardo C. de Leon
AS PROS
Apartado #90
Toluca, Mexico

PROCEEDINGS (VOLUME 32)
THIRTY-EIGHTH SHORT COURSE FOR SEEDSMEN
APRIL 13-15, 1992

SEED TECHNOLOGY LABORATORY
MISSISSIPPI STATE UNIVERSITY
MISSISSIPPI STATE, MISSISSIPPI 39762

TABLE OF CONTENTS

SEED TECHNOLOGY - Staff and Students . . . . . . . . . . . . . . . . . . . . . . . . . v
CONTRIBUTORS AND SPONSORS

.. . .................. . ....... vu

TALKS AND REFERENCE ARTICLES
Diagnosis of Conditioning Needs ... . .... . .. . .. ... ........ . . . .. 1
Howard C. Potts (deceased), STL, MSU
The Seed Plant: Modern Concepts . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13
Virgil Harden, Harden Processing Equipment, Memphis, TN
Dimensional Size Separators . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27
Bill Wallace, Wall ace & Associates, Hot Springs, AR
Seed Quality Assessment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33
Jan Ferguson, North Carolina State Univ., Raleigh, NC
Technical Assistance and Training . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43
Charles C. Baskin, Seed & Grain Consultant, Mobile, AL
Some Thoughts on Seed Storage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45
James C. Delouche, STL, MSU
Vigor Testing Workshop ........ . . . .. . .. . .. ... .... ...... . .... 57
Definitions of Seed Vigor ........ .. ... . ... .. .... .. ........
Accelerated Aging Test . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Cold Test . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Cool Germination Test . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Conductivity Test . ....... . ...... . ......................
Seedling Vigor Classification ..... . .. . ............... . ... . .

59
61
63
65
67
71

REGISTRATION LIST ... . .. . . . .. ... . . .. . . .. . . . ... .. ......... . 73

Ill

THE STAFF

C. Hunter Andrews
Warren C. Couvillion
Sunil Ratnayake
Shirley C. Barnes
Curtis Reed
Michele Wofford

(Seed Technology Laboratory)
James C. Delouche, In-Charge
Charles C. Baskin, Retired Edgar R. Cabrera (Honduras)
Bennie C. Keith
Bill Gregg (Egypt)
Charles E. Vaughan
G. Burns Welch, Retired
Dave Stimpson
Herath Lansakara
Sue Reed
Catherine Thompson

MAFES Main Station
Forage Programs, Foundation Seed & Variety Evaluations
Vance H. Watson, Head
Joe Askew
Randy Vaughan
Jerry Nail
Jessie Selvie
Rita Chriswell

Dupe Akintobi
Claudia L. Guevara
Dennis Reginelli
Kitti Wongpichet
Juvent
Baramburiye
Mahamadou Ibrahim
Qasim Khan
Moustafa Saad
Kisma Wague
Willie P. Emmanuel
Mable Matandiko
Thomas
Baugh

AND STUDENTS
(Graduate)
Songsakdi Chuntirapongsa
Shahid Iqbal
David Roberts
Zaidan
Emil Fanous
Ilhamuddin
Omar Mahfood
Salah Sorour
Nestor Bonilla

Mohamed El Hawary
Marwanto
Najeeb Siddiqui
Pegase Banyankiye
Boukary
Hama
Tayyab Jamil Ji
Ketty Paquiot
Sukarman
Anwar
Hussain

(Undergraduate)
Carrol Goss
Herbert Riggan

J. Wleh Wilson
James Powell

MISSISSIPPI STATE UNIVERSITY ADMINISTRATION
Donald W. Zacharias, President, Mississippi State University
R. Rodney Foil, Vice President, Agriculture and Forestry
Verner Hurt, Director, Miss. Agriculture & Forestry Expt. Station
William Fox, Dean, College of Agriculture & Home Economics
Ronald A. Brown, Director, International Programs in Agr. & Forestry
Hiram Palmertree, Director, Miss. Agricultural Extension Service
Roy G. Creech, Head, Department of Agronomy
Ken Matthes, Head, Department of Agricultural & Bioi. Engineering
E arl Stennis, Head, Department of Agricultural Economics
v

CONTRIBUTORS
We gratefully acknowledge the contributions from the following organizations
which added greatly to the success and enjoyment of this Short Course.

Bar-B-Que
Miss. Seedsmen's Assoc.
Richard Taylor, Secretary
608 N. Main
Leland, MS 38756

Miss. Seed Improvement Association
R. C. Milner, Exec. Secretary
P . 0. Drawer Ms
Miss. State, MS 39762

Refreshments
Mr. T . Gilliam Austin
Dir. of Sales
GUSTAFSON, INC.
P . 0. Box 220065
Dallas, TX 75222

Mr. Geoffrey Bumey
Oliver Mfg. Co., Inc.
P . 0. Box 512
Rocky Ford, CO 81067

Mr. Thomas Klein
Mercator Corp.
728 Penn. Ave.
West Reading, PA 19611

Mr. Ben Manring
MANCOR
P. 0 . Box 2577
Redmond, WA 98073

Mr. Tom E. Runyon, Sales Manager
Sales Manager
Seedburo Equipment Co.
1022 West Jackson Boulevard
Chicago, IL 60607

Mr. Paul Stone
CEA Carter-Day Co.
500-73rd Ave., N.E.
Minneapolis, MN 55432

Mr. Z. A. Stanfield
705 N. East Street
Box 279
Bloomington, IL 61702-0279

Mr. Herschel Stults
Stults Scientific Eng. Co.
3133 S. 66 Freeway
Springfield, IL 62703

Mr. Murland Taylor, President
Taylor Products Co., Inc.
Rt. 4, Box 296-A
Pa rsons, KS 67357
Vll

Door Prizes

Mr. Alden Bell
B & S Seed Co.
Route 1, Box 83A
Duncan, MS 387 40

Mr. Boyd Eifling
Eifling Farms Seed Co.
Route 1, Box 285
Hollandale, MS 38748

Mr. Dick Flowers
Miss. Seed, Inc.
P. 0. 686
Tunica, MS 38676

Mr. Dave Grimm
Asgrow Seed Co
5680 Gaywinds Ave.
Memphis, TN 38115

Mr. Bobby Horton
Big River Seed Co.
P. 0. Box 867
Ceveland, MS 38732

Mr. Johnny Howarth
Circle H Farms
Rt. 2
Cleveland, MS 38732

Mr. Clyde Jones
Delta & PineLand Co.
P . O.Box 157
Scott, MS 38772

Milburn Growers
P . 0. Box 4
Ruleville, MS 38771

Mr. Wm. W. Moore, II
Magnolia Grain Co., Inc.
P . 0. Box 336
Cary, MS 39054

Mr. Jimmy Sanders
Sanders Seed Co.
P. 0. Box 1169
Cleveland, MS 38732

Mr. Richard Taylor
Farmer's Feed & Supply Co.
608 N. Main
Leland, MS 387 56

Mr. J. E. Thompson
American Drying Systems, Inc.
1135 N.W. !59th Drive
Miami, FL 33169

Mr. Richard Wax
The Wax Co.
P. 0. Box 160
Amory, MS 38821-0060
Publicity

Grain & Feed Journal
327 S. LaSalle St.
Chicago, IL 60604

Seedsmen's Digest
10714 Manchester Rd.
Suite 202
St. Louis, MO 63122
Vlll

Seed World Publications
380 Northwest Highway
Des Plains, IL 60016

Progressive Farmer
Suite 1630
White Station Tower
Memphis, TN 38157
Seed Trade News
7535 Office Ridge Circle
Eden Prairie, MN 55344

lX

DIAGNOSIS OF CONDITIONING NEEDS
Howard C. Potts 1

Recognizing the Problem
What is the first step to the solution of a problem? Everyone should agree that the
answer to this question is: recognition that a problem exists.
In the seed business, recognition that a problem exists is not as difficult as in
some other industries since there are many people r eady to tell us when we have
a problem. Is there a seedsman who h as never had a customer complain about
th e quality or performance of the seed he or sh e purchased? I don't know of any.
In the seed industry, we even have professional problem identifiers. We call them
seed control officials, or often other names when a stop sale or similar notice of
violation is received in the morning mail.
Assistance in problem recognition is not limited only to the commercial operations
of the seed industry. Seed control and certification officials are constantly
r eminded that they don't know what the h--- they are doing. Indeed those of us
in the academic community are frequently informed that: the problem with you
guys is that you (a) spend too much time overseas, (b) don't know what's going on
in the "real" world, (c) are not conducting research concerning th e right problems,
or (d) don't give your students the proper training, etc.

A Problem Is a Problem Is a Problem ....
In short, all of us probably h ave more than enough assistance in problem
recognition. However , it is not often that th ose who quickly recognize our
problems follow through with a comprehensive analysis of the cause or nature of
the problem iden tified and then offer a workable solution to our problem. We can
say - the problem with a problem is a problem.

Professor and Agronomist (Deceased), Department of Agronomy, Seed Technology,
Miss State University, Miss. State, MS. This article first appeared in the
1982 Sh ort Course Proceeding.
1
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Specifically, the purpose of this presentation is to identify some of the ways in
which we can diagnose potential problems associated with conditioning seed and
then arrive at a workable solution based upon this diagnosis. Keep in mind the
information in this paper will not solve your problems. At best, the ideas
presented will assist you in the diagnosis of your conditioning needs which will in
tum permit you to reduce the chances of the problem occurring.

Seed Conditioning
What is seed conditioning? In the broad sense, it encompasses all of the activities
involved in preparation of the harvested seed lot for marketing and planting.
Specifically, conditioning a lot of seed may include drying, precleaning
preparation, cleaning, up-grading, size grading, treating and/or packaging.
We could develop a long list of reasons for conditioning seed but the most
important reason is to increase sales volume and/or price. Unfortunately for those
involved in conditioning operations, perfect conditioning of a seed lot doesn't
directly assure increased sales. As with most other products from automobiles to
video games, most seed lots are conditioned to meet the competition, not to beat
the competition. Meeting, not beating, the competition is an economically rational
managerial decision for many organizations. The marketing or sales manager, as
influenced by the competition and consumers, has the major role in establishing
both the maximum and minimum quality levels of the seed to be sold.
On the one side, seed conditioners are constantly pressured to increase or
maintain minimum quality levels set by quality control, certification and
regulatory personnel. On the other side, management indicates that cleaning seed
to 99% purity when only 98% purity is required is the same as giving away 1% of
the gross sale price, which is often 10% or more of the net profit. Not too many
conditioning plant managers have a salary equal to 1% of the company's gross
sales!!
It is not a great compliment to say that you have the capability to be a
conditioning plant manager since nearly anyone can have this title. The real
compliment is to say that you have the ability to manage a seed conditioning
plant. Conditioning Manager is a title; managing a seed conditioning plant is an
occupation. In some companies there is a great difference between the title and
occupation but in successful companies they are the same.
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Objectives of Seed Conditioning
Why do we condition seed? From a technical viewpoint there are six major
reasons:
a.

Remove inert matter, weed seed, other crop seed, undersized
and damaged seed.

b.

Improve the appearance and physiological quality of the seed lot.

c.

Facilitate mechanical planting, i.e., uniform size.

d.

Increase the storage life (clean dry seed store better).

e.

Apply pesticides.

f.

Increase marketability (higher quality seed m an attractive
package).

Most of us have heard the expression, "this is a problem lot", used at one time or
another. Usually this phrase is based upon ignorance. All combine run seed lots
are problem lots until they meet someone's quality standards. The conditioning
of some lots requires a higher level of know ledge concerning the use of the people,
equipment and money available than others. Thus, you may say to your boss, "I
have a problem lot", but he may actually hear, "I don't know enough to condition
this lot to make it saleable."

To Condition or Not to Condition
Don't develop the impression that every lot of seed can or should be conditioned
to a level that will make it marketable. We all know better. Over time, every
seed conditioner encounters a lot that cannot meet anyone's standards no matter
how knowledgable or talented he may be concerning seed conditioning. In such
instances, the "problem" is not how to condition the seed, but what to do with a
seed lot that cannot be conditioned to a marketable level and then making the
decision before the seed are conditioned. A Conditioning Manager is responsible
for making the decision: to condition or not to condition, that is the question his
or her diagnosis must answer. The difference between 1000 bushels of"junk seed"
which belong to a producer and the resulting 800 bags of "cleaned junk seed" now
owned by your company is likely to be the manager's job.
In a ll seed conditioning operations , the ability to meet the desired quality
standards is affected by four factors: (a) the equipment available, (b) the
arrangement of the equipment within the plant, (c) the operator's skill in
adjustment and operation of the equipment, and (d) the operator's knowledge of
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the seed lot's characteristics. Note, the first two of these four factors were fixed
when the conditioning plant was built or remodeled. As a result, operational skills
and knowledge of the seed lot's characteristics a r e the only two variables
immediately available to conditioning plant manager s or the management by
which they can control seed quality. These are the human variables.
Let's now consider some of procedures and teclmiques that have proven effective
in diagnosis of conditioning needs.

The Pre-Conditioning Diagnosis
If you believe the old adage, "If you've seen one, you've seen them all", please stay
away from the conditioning plant. There are no two seed lots exactly alike. A
representative sample of every truck load and/or lot of seed to be conditioned
should be examined before it enters the conditioning plant. We refer to any and
all evaluations made of a seed lot after it is h arvested , but before cleaning, as
preconditioning diagnosis (Figure 1).

The purpose of the pre-conditioning diagnosis is two-fold: (a ) to determine whether
the seed lot should be conditioned, and if so, (b) to determine the separable
components and special requirements for proper conditioning of the seed lot.
In diagnosing seed conditioning needs, there are at least eight separate factors for
which the conditioning manager must make a determination. These are:
a.

Seed moisture content.

b.

Basic differences in physical characteristics of the seed and
contaminating materials.

c.

Variation in the physical characteristics of the good seed.

d.

Frequency of occurrence of contaminants, especially the most
undesirable ones.·

e.

Flow characteristics of th e seed mass.

f.

Need for special precleaning conditioning.

g.

Damaged seed.

h.

Lot homogeneity.

The order in which these factors are presented is not significant. Further, the
relative importance of each factor depends upon the seed kind, the environment
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PRE-CONDITIONING DIAGNOSIS

~

Flow Characteristics of Seed Mass

~

Need for Special Treatment
before Conditioning

~

Types of Seed Damage

~

Homogeneity of Seed Lot

Figure 1. Pre-Conditioning Diagnosis.

~

Determine Seed Moisture

~

Differences in Physical Properties
of Good Seed and Contaminants

~

Variation in Physical Properties
of Good Seed

~

Rate of Occurrence of Bad
Contaminants
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under which the seed were produced, and the quality standards which must be
met.
Let's consider each of these factors and the techniques used in the diagnosis.

Moisture Content
Everyone should be aware of the importance of seed moisture content as it relates
both to the keeping qualities of seed and susceptibility to mechanical injury
during handling. Most corn and rice seed are harvested at high moistue contents
and must be dried within hours after harvest. But how long to dry and at what
air temperature and R.H. is dependent primarily upon the seed moisture content.
Seeds of agronomic crops should generally be at less than 14% moisture before the
seed cleaning operations are initiated.
Except for seed very high (above 28%) or very low (below 8%) in moisture content,
an array of moisture testers are available with which this determination can be
made quickly and accurately. In spite of the importance of seed moisture content,
many seedsmen never determine moisture content after the harvest rush begins.
Remember, except on the first roll, 7 is craps.

Differences in Physical Characteristics
A mechanical separation of good seed from its contaminants is possible only when
there are mechanically distinguishable differences in one or more physical
characteristics of the good seed and the contaminants. What is a mechanically
distinguishable difference? The answer depends primarily upon the machines
available and the operator's skill in running them. The effectiveness of a
separation is related to the consistency of the difference and the feed rate.
There are eight primary physical characteristics by which mechanical separations
can be effected. These are: gross size, length, width, thickness, shape, surface
texture, weight (density), and color. Differences in electrical charge are useful in
making some separations. Every seed and particle of contaminating material in
a seed lot possesses all of these physical characteristics; therefore, it is the
differences which make them separable.
Contaminants which have physical characteristics similar to those of good seed are
of greatest concern. When examining the seed lot, particular emphasis must be
placed on· determining the presence of contaminants such as noxious weed seed;
n ematode galls, etc., which could cause the seed to be unusable even though the
mechanical purity exceeds 99%. Seed of common weeds , other crops or varieties,
damaged seed, and inert matter similar in physical characteristics to those of the
good seed, are of descending importance in most seed lots.
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Determination of the basic physical differences by which a particular separation
can most effectively be made requires a knowledge of the specific physical
characteristics of the good seed and other contaminating materials. This requires
at least a visual examination of the seed lot to be conditioned. Failure to make
a visual diagnosis of every lot which enters the conditioning plant is an open
invitation to the umemployment line.
Ideally, the conditioning manager will have an opportunity to "test" clean each lot
of seed with hand screens and model equipment. This permits a precise diagnosis
conceming which contaminants can and cannot be separated and an estimate of
the clean seed loss required to remove the contaminating materials. The results
of a standard purity analysis do not provide the needed information for
determining physical differences among the good seed and contaminants.
At the minimum, a representative sample should be spread on a well lighted floor
or a desk top and examined to determine specific physical differences. Visual
examination is not effective for determining minor differences in length, width,
thickness, shape or surface texture and of very little value for determining
differences in seed density.

Variation in Size of the Good Seed
Variability in size of the good seeds is one factor frequently overlooked when
examining seed prior to conditioning. Research conducted in 1975 showed that the
smallest seed in a lot are of little value for reproductive purposes. On the other
hand, the research indicated that the exceptionally large seed, although nice in
appearance, are also usually not the most desirable for reproductive purposes.
Therefore, in seed, what we really want are those large enough to perform their
function, and to avoid problems due to their small size, i.e., immaturity: i.e., both
the very large and very small seeds can be eliminated from the lot.
For most crops, the better the environmental conditions for seed production, the
more uniform the seed size. For all species, the more uniform the seed size, the
easier the seed are to clean. Experienced conditioners know that different
varieties of the same species often differ significantly in average seed size and
they adjust the machines accordingly. One of the poorest testimonies to a seed
processor is to utilize screens marked with the name of a crop. Except for size
graded seed such as com, such markings indicate a disregard for the natural
variation in size and the other variable physical characteristics of the good seed
in a seed lot.
An easy way to diagnose size variation in the good seed is to stack a continuous

sequence of seven or eight hand screens and determine the size range of the good
seed and contaminants. The shape of the screen perforations will depend upon the
crop seed and contaminants but usually it is the same as the final grading screen.
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All good seed should pass through the top screen and no good seed should pass
through the bottom screen of stack. Place a cupful of seed on the screens and
shake. Unstack the screens and determine which screen has the most seed on it.
The seed on this screen are of the mean size. For seed of many crops, a screen
size two "sizes" below the mean is an appropriate size for use as the final grading
screen. The largest perforation screen, on which only one or two very large seed
remain, can often be used as the final scalping screen.
Yes, using this technique will increase the cleanout 1 - 3%. It will also improve
appearance, the general seed quality level and simplify subsequent upgrading
operations.

Frequency of Occurrence of Contaminants
This refers to the ratio between the good seed of a lot and undesirable materials.
When examining the seed to be cleaned, you may identify several undesirable
contaminants, i.e., weed seed , other crop seed, or inert matter, but it usually is the
ratio of good seed to the contaminants that is most important, not the fact that
contaminants are present. Depending upon the quality standards to which the
seed must be raised, certain contaminants can be ignored. All clean seed will
contain a fractional percentage of inert matter. Many lots of seed contain small
amounts of other crop seed or common weed seed because the cost of removing
these contaminants exceeds the value added by their removal.
As an example, if the precleaning examination revealed the presence of an
occasional oat seed in a lot of non-certified wheat seed, the occasional oat could be
ignored. However, if the wheat seed were to be certified, it will be necessary to
remove the oat seed. The presence of this oat seed would require the use oflength
grading equipment, therefore, increasing the cost of conditioning the certified seed.
This same example is equally valid for common weed seed and inert matter, in
that the quality standards set by management or, in some cases, by regulation
determine what contaminants must be removed from each seed lot.
Although a visual examination will provide an estimate of the frequency of
contamination, a detailed purity analysis is most useful for making this
determination, particularly when a low frequency of noxious weed seed is involved.
Identifying one johnsongrass seed in a pound of sudangrass is not likely when a
quick visual examination of a handful of seed is the primary diagnosis used.

Flowability
The ease and uniformity with which the seed mass will flow in the absence of
mechanical force is its flowability. A large sample of the entire lot must be used
to determine flowability because compaction must be considered in addition to the
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presence of inert material and natural seed_appendages. If flowability is based
upon a sample, it should be drawn by hand because probes often exclude large
pieces of inert materials which are likely to cause problems.
Seed must flow uniformly through the elevating and cleaning equipment to make
an effective separation. As a general rule, a lot of seed which has an angle of
repose greater than 45 should be precleaned or conditioned before attempting any
separation by the air-screen or other conditioning machine. Anyone who has spent
a day poking seed into an elevator or through a bin opening will testify for the
need of predetermining the flowability of the seed lot.
Most seed lots which have been harvested and threshed mechanically will flow
through a properly designed processing plant. However, an occasional lot of most
seed kinds may lack the desired flow characteristics due to natural appendages
on the seed, high quantities of stems or straw, high moisture content, or poor
threshing. Such lots require precleaning before attempting to separate the good
seed. Scalping, drying, debearding, re-threshing or use of a hammermill may be
required to obtain the desired flow characteristics of the seed mass.

Pre-Cleaning "Conditioning"
Diagnosis of the need for precleaning "conditioning" cleaning is usually based on
a visual examination but may require a germination test. When cleaning barley,
oats, and many clovers it is necessary to remove awns, hulls or other appendages
before the seed can be cleaned properly.
Seed such as arrow leaf and white clovers may have few or no seed coverings to be
removed but simply be very high in hard seed content. Routine scarification of
otherwise clean seed is not a practice used by wise seed conditioners. Placing one
hundred seed in a glass of water overnight and counting the number of swollen
seed to assure that over 80% have imbibed water by the next morning is a simple
way of determining the real need for scarification. In most species, 80% swollen
seed in 12 hours means a hard seed content of 10% or less. Keep in mind that
scarification is controlled mechanical injury so you can kill more seed than you
scarify if you are not careful in your effort to eliminate the hard seed.

Damaged Seed
There are three principal causes for damaged seed: insect, disease and mechanical
abuse. Only the more severely damaged of these seed can be separated
mechanically, regardless of the source of damage. What is a severely damaged
seed? It is a seed which has had its physical characteristics altered sufficiently to
effect a separation: for example, soybean splits, weevil eaten wheat or rotten corn
seed. On the other hand, damage such as cracked seed coats, abrasions, surface
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molds, etc., is usually not sufficient to permit mechanical separation although
visually quite evident. Again, you may want to send seed lots high in damaged
seed to the elevator.
A visual diagnosis with the aid of magnification may be needed to determine the
need for fumigation and/or application of pesticides, as well as the possibilities for
mechanical separation of the damaged seed. When insects are active in a sample,
the seed lot should be fumigated before entering the conditioning plant and in
most cases an insecticide applied after the seed have been cleaned. On the other
hand, the application of fungicides should be based upon the farmer's need for the
protection provided. Seed which are so diseased that a fungicide is needed to
protect them in storage should usually be rejected for seed purposes. Remember,
fungicides protect seed; but they will not bring them back to life.

Homogeneity
Most seedsmen do not test for lot homogeneity, rather they assume that a seed lot
cleaned through the same set of cleaning and/or grading machines is homogenous.
However, lack of homogeneity is one of the most frequent causes of seed law
violations, at least for honest seedsmen.
Diagnosis for homogenity requires more time and effort than many companies
believe they can afford. It requires that a series of subsamples be taken from
different parts, i.e., bags or bins of the lot. A visual examination and possibly a
purity and germination test is made for each sub-sample, and the test results for
each sub-sample are compared with that of the composite sample. A diagnosis of
homogenity should always be conducted when different kinds of varieties of seed
occur naturally or are blended intentionally, i.e., lawn grass mixtures, variety
blends, etc.
The source of non-homogeneous lots can u sually be traced to one of four mistakes
on the part of the conditioning manager. These are: open-end lots; seed from
different harvest dates or locations included in the same lot; non-uniform field
infestations; and "bag blending."
A lot of seed is a defined quantity of seed, identified by a lot number, every portion
or bag of which is uniform for the factors which appear in the labeling. That
should be the end of open-end lots but still, "fools rush in where angels fear to
tread."
Either one rain shower or two combines can significantly alter the physical and
biological quality of the seed harvested from a single field or two fields of the same
variety. Failure to recognize the natural variation brought about by conditions
and events prior to the time the seed are first bulked often means trouble. It is
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much less costly to change a lot number than to retag a lot so a stop sale notice
is released.
One assumption made by many seed conditioners is that the seed harvested from
any one production field will be uniform. Another assumption is the belief that
conveying the seed from combine to truck, truck to storage bin, storage bin to
air-screen holding bin, etc., blends or mixes the seed to uniformity. Routine
handling of most seed lots has not, does not and will not have a significant effect
on their homogenity. The art and science of blending is very complex.
What is bag blending? It is a self-invitation to the courthouse as a defendant. The
stacking of bags of seed not similar in purity or germination and/or reassignment
of several lots into a single lot may appear rational to someone who doesn't
understand the living seed. However, to a seedsman, bag blending is "Russian
roulette" and can readily lead to the economic death of the company.
Summary
Every seed lot should be subjected to a diagnosis to determine its conditioning
needs. If possible, this diagnosis should be made before the seed arrive at the
conditioning plant but certainly before an effort is made to clean, upgrade, size or
treat the seed. The more detailed the diagnosis the better the prognosis, provided
you, as the "seed doctor", have the training, experience and equipment to cure the
patient. If after a thorough diagnosis you still have a "problem lot", take two
aspirin and call our secretary; she has a solution for every problem.

THE SEED PLANT: MODERN CONCEPTS
Virgil Harden1

The modern seed plant should function smoothly and have the ability for all plant
operations to operate simultaneously as a team with the goal being to produce a
high quality seed product while keeping product loss and required man hours at
a m1mmum. Although automation and computer control are taking over at
unbelievable speeds, farming, seed production, seed conditioning and seed sales
are governed by, and proportional to, human attributes and ability. Therefore, the
use of scientific tools insofar as seed conditioning is concerned, depends largely
upon human judgement.
My primary field of endeavor is with seed processing in whatever condition it
comes to you, the seedsman. What the grower does with seed from planting to
harvest, with the aid of science, industry and mother nature and until it reaches
your conditioning facility tells us what we must attempt to provide in the way of
mechanical equipment to enable you to have pure seed to sell. The following
concepts need to be considered by the seeds man if planning a new facility or if he
has an existing plant which could be updated somewhat using those ideas for
changes which would not be too costly.

Receiving Area and Equipment
The first operation at any plant is the receiving of seeds from the grower and a
first concern is sampling. The use of a vacuum probe to retrieve samples from the
grower's truck makes this task quick and simple. The samples are retrieved by
the probe, conveyed through a suction line and deposited into a collection box
inside the office lab area. The vacuum probe is capable of reaching into even the
furthest corners of the truck bed thereby eliminating the need for a worker to
physically climb onto the truck which is timely and somewhat hazardous.
Large receiving pits having a top open area of approximately ten feet wide and
twelve feet long capture most of the bulk seeds if either a hydraulic truck dumper
or hopper bottom trailer is used. Seed splash outside the pit open area will
require timely clean-up when changing varieties. The pit grill needs to b~

1

President, Ha rden Processing Equipment Sales, Inc., Memphis, TN.
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manufactured in such a manner as to eliminate flat open surfaces on the "I"-beam
supports and all cracks and crevices should be filled. A vibrating shaker spout
under the receiving pit will convey all seeds into the receiving elevator boot gently
and is recommended when conditions will not pennit the installation of a complete
gravity-flow pit.
The use of two identical bucket elevators in the rece1vmg pit offers many
advantages. Some of these advantages include:
1.

By spouting both elevators to all points, one elevator can be used to
receive should the other have a break down.

2

Seeds of different varieties can be received on alternating loads
without delays in boot clean-out.

3.

Seeds of one variety can be received while simultaneously reclaiming
seeds of another variety, or type, from bulk storage and transferring
these seeds to the processing plant for conditioning.

Bucket elevators are manufactured by numerous companies, but only those
designed specifically for gently handling should be considered for seed plant use.
With the correct head shaft speed, a bucket elevator cup will discharge the seeds
directly into the throat of the elevator. In high speed elevators the seeds are
actually thrown against the inside of the elevator head and down-legging of seeds
occurs thereby imparting mechanical and germination damage. Figure 1
illustrates that a bucket elevator, properly designed, driven at correct speed, will
make a clean discharge directly into the throat assuring no appreciable damage
on vulnerable commodities with little or no back-legging or down-legging. A slight
deviation such as five (5) revolutions per minute (RPM) above or below optimum
speed causes the cups to spill or throw seeds.
Plastic elevator cups are used to prevent damage on impact between seed and cup.
Cup bolts should be used with both flat and lock washers with the flat washer
against the inside ofthe plastic cup. This method of installation prevents the bolt
from pulling through the cup. Nylon spacer washers (Figure 2) between elevator
cup and belt help to prevent lodging of seeds causing varietal mixing.
Just as care should be given in the selection of the type of bucket elevator to be
used in a seed conditioning plant, the selection of distributor is just as important.
Distributors with interlocking turnspouts and hopper bottoms with overflow
spouts are most recommended (Figure 3). Distributors with a flat bottom and a
sliding internal spout are a main source of varietal mixing. When the internai
spout is not in direct alignment with the outlet spout, spilling takes place within
the body of t he distributor. When the internal spout is then moved to an alternate
opening, the seed spillage within the distributor body is pushed by the internal
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Figure 1. Centrifugal discharge bucket elevator. (A. Head pulley speed too slow;
B. Head pulley speed too fast; C. Optimum head pukley speed.)
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Figure 2.

Spacer washer placed between belt and bucket to pr event mixtures.
Recommend washer size: 1 in. dia. and 05 in. thick.
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spout to an adjacent outlet where seeds continue down that spout and into another
bin or conveyor and varietal mixing occurs.
If you have an existing distributor that is suspect to mixing problems, it may be
corrected by installing leak proof lock out type bucket valves in existing spouts.
When a particular spout is not in use, place the valve in the "out" position. Any
seed spillage in the distributor will then trickle down through the valve and drop
to the ground.
The rule of thumb is that spout angles should be forty-five (45) degrees and have
a capacity of about sixty (60) bushels per hour per square inch of spout diameter
area. Products which do not flow easily may require spout angles steeper than
forty-five degrees. Round shaped seeds which roll easily such as soybeans may be
piped through spouts having angles less than forty-five degrees. Cleaned seed
spout angles for soybeans, wheat and rice can be as shallow as thirty-seven and
one half (37-112) degrees provided the spout diameter is of sufficient size for the
desired capacity.
Always be aware that the longer the spout and the steeper the spout angle, the
greater the velocity the seeds will be traveling when they reach the end of the
spout (Table 1). The faster the seeds are traveling when they reach the end of the
spout, the more damage will occur. Table 1 emphasizes the necessity of keeping
all spouts at minimum angles and length to eliminate germination damage and
seed breakage. Self cleaning cushion boxes at the point of impact are helpful in
eliminating damage but may not be sufficient on exceptionally long spouts.
Enclosed E-Z down ladders used in place of standard spouting may be required,
especially on low moisture fragile seeds.
An E-Z down ladder (Figure 4) is a rectangular tube having a series or zig-zag
curved baffles inside. The open type ladder has openings on two sides ninety (90)
degrees to the inside curved baffles and is used inside bins or tanks. The closed
type ladder does not have the side openings but is entirely enclosed with sheet
metal on all sides and is used in place of spouting material when long spouts
cannot be avoided. As the seeds flow through the ladder they follow a cascade zigzag course and never obtain as high a velocity as they would in free fall.

Bulk Storage
Uncleaned seed bulk storage tanks are available in several types and may be
arranged in any number of configurations. Corrugated flat bottom tanks are
better designed for drying with stir-all systems and have the advantage of being
lower in cost per bushel of storage than most other types of tanks. Corrugated
hopper bottom tanks offer the advantage of being practically self cleaning but are
higher in cost per bushels of storage than flat-bottom tanks. Although hopperbottom tanks can be provided with aeration systems, drying is not recommended

Table 1. Grain velocities in spouts.
Velocity in Feet Per Minute - Angle of Spout in Degree

Spout
Length

35

40

45

50

55

60

65

70

75

80

85

90

5'
10
15
20

400
570
696
805

524
742
908
1047

618
875
1070
1235

700
990
1210
1400

770
1090
1335
1540

830
1180
1440
1665

885
1255
1530
1770

935
1320
1615
1870

975
1380
1690
1950

1010
1435
1755
2025

1050
1485
1820
2100

1075
1520
1860
2150

25
30
40
50

899
985
1135
1270

1170
1280
1480
1655

1380
1510
1750
1950

1560
1710
1975
2210

1725
1890
2180
2440

1860
2040
2355
2635

1975
2165
2500
2800

2085
2285
2640
2955

2180
2390
2760
3090

2265
2480
2865
3210

2340
2570
2970
3320

2400
2635
3040
3400

60
70
80
90

1390
1500
1605
1705

1810
1960
2090
2220

2140
2310
2470
2620

2420
2615
2795
2960

2670
2880
3080
3275

2880
3110
3330
3535

3065
3315
3540
3760

3240
3500
3740
3965

3390
3660
3905
4250

3520
3800
4055
4310

3640
3930
4200
4460

3720
4025
4295
4575

100
125
150
175

1795
2005
2200
2375

2340
2620
2865
3100

2765
3090
3390
3665

3120
3500
3835
4140

3450
3860
4225
4565

3720
4165
4560
4935

3960
4440
4850
5250

4180
4680
5120
5540

4370
4890
5350
5790

4540
5080
5560
6000

4700
5250
5750
6215

4800
5370
5880
6350

200

2540

3310

3900

4420

4880

5270

5600

5910

6180

6420

6640

6800

This table indicates approximate velocities that will be attained by whole dry grains flowing freely in smooth
metal spouts of various lengths and of various angles in relation to the horizontal. The velocities are based on
an angle of repose of 28 degrees for grain.
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Figure 4. Bean ladder used to minimize mechanical damage in free drops.
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because of the concentrated heat source. Specially constructed welded steel tanks
have the highest cost per bushels of storage but they have smooth inner sidewalls
and have the advantage of being used for both bulk uncleaned seeds and then for
cleaned seeds. Like hoper-bottom tanks, welded steel tanks may have aerations
systems but .d rying is not recommended.
If the budget permits, sufficient bulk field seed storage, properly designed for all
of your more fragile seeds, is highly desirable. Many seed conditioners report an
increase average clean-out (loss) of four percent when their contracted soybeans
are stored in on-farm bins. Due to the increased costs, most on-farm storage is not
properly designed for fragile seeds.

The three best types of conveyors to use for the handling of seeds are drag-flite
conveyors, belt conveyors and vibrating conveyors. These types of conveyors are.
of the self cleaning type and handle seeds gently with the least amount of
mechanical damage. Drag-flite conveyors are recommended for use as the
distributing conveyor over bulk storage tanks when the tanks are arranged in an
in-line configuration and multiple discharge outlets are required. A leak proof
bucket valve installed between the conveyor discharge gate and the tank dome cap
(Figure 5) will eliminate any chance for varietal seed mixtures.
Belt conveyors are best used where seeds are to be conveyed for long distances
without having any intermediate discharges. However, drag-flite conveyors are
also a good choice for this type application.
Vibrating conveyors are best used where distances are short. In the past,
vibrating conveyor frames had to be bolted to the floor or other sturdy structure
because the vibrating action of the pan was not counter-balanced. This is still the
case with some manufacturers' conveyors. However, there are now manufacturers
of counter-balanced vibrating conveyors having intermediate discharges that can
even be suspended from cables. Vibrating conveyors are also available with
intermediate perforated pans which offer the seedsman the ability of scalp, sift
and scalp/sift applications within the conveyor.

Precleaning
The cost of installation and clean up problems when more than one variety of seed
is being received simultaneously are the main objections to precleaning seeds as
they are received. Since precleaning, however, removes most of the large and
small foreign materials in the seed mass, more desirable seeds can be stored in the
bulk tanks. Aeration and drying costs are also minimized with removal of
undesirables. With most of the foreign matter removed from the seeds during
precleaning, capacity during the actual precision cleaning process is increased.
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Figure 5. Lock-out valve locat ed between intermediate discharge of drag flight
conveyor and stor age bin.
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Precleaners are mostly installed when a seedsman has at least 100,000 bushels
of one variety of seed to receive. He uses two receiving bucket elevators in the
receiving pit: one feeding the surge bin over his precleaner, and the other feeding
directly to bulk storage. When a truck dumps the variety of which he has the
greater amount, he uses the bucket elevator feeding the surge bin over the
precleaner. When another variety is received, the second bucket elevator is used
to divert the seed to bulk storage by-passing the precleaner. After harvest, the
seedsman can then bring the varieties in lesser amounts back through the
precleaning process and transfer them on to the cleaning plant or back to bulk
seed storage tanks.

Precision Cleaning Operations and Layout
Several models of air/screen cleaners of both wood and steel construction are
available for the seedsman's precision cleaning operation. Air/screen cleaners
having both top suction fan and bottom blast fan air separations are desirable for
commercial seed conditioning plants. Other features which should be considered
when selecting the air/screen cleaner are:
•

Adjustable feed hopper.

•

Variable air controls.

•

Adjustable screen pitch.

•

Variable shoe shake

•

Screen cleaning balls or brushes.

•

Accessibility of parts.

•

Number and size of cleaning screens in cleaner.

•

Screen flow options.

Always select the air/screen cleaner of proper size for desired capacity considering
the worst possible percentage of contaminants which are to be removed. In
borderline cases it is best to select the next larger size air/screen cleaner. This
basic rule is also good to follow in selection of all other types of finishing
equipment such as spiral separator, gravity separator, length and thickness
graders, packaging equipment, etc.
As the air/screen cleaner is the first piece of conditioning equipment inside the
cleaning plant into which the seeds are introduced, the over-cleaner bin should
have sufficient holding ·capacity to operate the cleaner continuously for at least
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two hours. Reclaim conveyors and bucket elevators from bulk storage require a
minimum amount of personnel attention in order to keep the seed cleaning
equipment operating at full capacity when a large over-cleaner bin is used.
Surge bins over finishing equipment need not be of the same capacity, but should
be of sufficient size to allow flexibility in properly adjusting each piece of
equipment. It is recommended, however, that the holding bin above the sacking
equipment be of equal or larger capacity than the over-cleaner bin to allow plant
personnel time to see to any emergency situation without having concem for
shutting down the cleaning plant. Bin discharge gates need to properly match the
inlets of each piece of cleaning equipment for which they are designed. Capacity
and cleaning efficiency are drastically reduced when this rule is not followed.
Wide access walkways around cleaning equipment are very desirable because they
allow work space for maintenance. Two-foot wide walkaways should be the
minimum but three-foot wide walkways are best. Handrails, kneerails and toerails
need to follow OSHA standards and stairways in place of access ladders should be
used where possible.
The cost of today's construction materials cause high overall costs in trying to
build a high-rise, total gravity flow plant. For this reason newer plants are
designed and built using multiple bucket elevators. The number of bucket
elevators required can be kept at a minimum in handling fragile seed commodities
if some gravity flow is designed into the plant. For example, if you are using both
spiral separators and a gravity separator for cleaning soybeans, locate the spiral
separators above the gravity separator. Wheat and rice seeds are not as
susceptible to breakage as are soybeans but all seeds need to be handled gently.
Gravity flow, where possible and economically feasible, is recommended. Again,
when bucket elevators are used inside the cleaning plant, select those having
optional head speeds and easy dump discharge features. Slatted boot pulleys help
to eliminate the mashing of seeds between the boot pulley and elevator belt.
Enclosed spiral separators have been replacing the original open type spirals.
Enclosed spiral separators offer the advantages of keeping dust contained within
the spiral cabinet, greatly reduced noise level and the spiral cores may be
interchanged with those of different flite configurations for special required
separations such as edible soybeans.

Seed Treatment
If seeds are to be treated, isolate the treater in a separate room from the rest of
the cleaning plant. A costly problem can be eliminated by being sure red-dyed
seeds do not mix with splits and off-grades that are being sold to grain elevators.
Manufacturers of treaters will be glad to advise you as to which of t heir coating
chambers are specifically designed for fragile seeds. Often the coating chamber
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furnished as standard equipment with treaters will perform well on seeds such as
wheat and rice but because of their design will cause some mechanical damage on
soybeans.

Packaging Systems
Valve bag packers are real time and space savers. A valve packer having a ten
(10) horsepower blower can bag six to seven sixty (60) pound bags of seed per
minute and since the bags are self sealing without "ears" they can be palletized
in a minimum amount of space. It only takes one person to operate a twin-tube
packer at twice the bagging capacity of one unit which would then be twelve to
fourteen bags per minute. New electronic weighing systems on valve packers are
said to have an accuracy of plus or minus 1/10 pound and are not effected by heat
or cold weather changes. Bag weights on electronic packers can be checked while
the bag is on the fill spout which is also a time saver. Automatic palletizers,
although quite expensive to purchase, offer savings in time and labor costs.

Summary
Seedsmen always seem to be striving for ways to produce cleaner and more
healthy seeds with high vigor and germination for their customers. Because the
seed industry has become such a highly competitive business, the time comes
when a seedsman must consider updating his conditioning plant. When the
decision is made to update his plant the seedsman will want to consider several
options. Updating considerations may include:

+

Replacing screen cleaning brushes in air/screen cleaners with ball
tray screen cleaning systems. Check with the manufacturer of your
unit for pricing and availability.

•

Replacing old style open spiral separators with enclosed units.

•

Addition of gravity separators, length graders and/or precision
graders for a more precise separation of seeds and contaminants.

•

Converting valve bag packers having a mechanical weight control to
a more precise electronic type control system at a cost which is
generally recovered within a year in savings of bagged seed losses.

If you are a seedsman planning to construct a new seed conditioning facility ot
want to update an existing plant, contact someone with experience in plant design.
His concepts and services will help to provide you with a modern seed producing
business.

DIMENSIONAL SIZE SEPARATORS
Bill W allace 1

Why do we use dimensional separators? When there is a close overall size
difference between seeds or particles to be separated, we think of sizes or grades,
or it is more precise to think of differences in terms of the three dimensions width, thickness, and length.
WIDTH: Seeds having the same length and thickness but differing in width can
be separated by screens with round perforations.
THICKNESS: Seeds with the same length and width but differing in thickness
can be separated by screens with oblong perforations.
LENGTH: Seeds with nearly the same width and thickness but differing in length
can be separated with a rotating indented disc or indented cylinder with
indentations or pockets of the correct size to lift shorter seed, but not so large or
deep to lift the longer seed.
When do we use dimensional separators? In any seed conditioning operation,
dimensional separators should follow the basic cleaning accomplished by the airscreen cleaner which makes use of screens and air separations to remove light
trash, dust, and undesirable material, both larger and smaller than the crop seed.
Remember that without the removal of the trash, dust and other over or under
sized material prior to dimensional sizing, the separators can not operate
effectively or efficiently.

Disc Separator
The disc separator or the indented cylinder separator is used to make length
separations in the seed conditioning plant. Their principle of operation is the
same - lifting a shorter product from a longer product. But the two separators are
completely different in design and operation. The disc separator consists of a
series of cast iron discs which rotate together on a horizontal shaft inside a

1
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cylindrical body (Figure 1). Each disc contains many recess pockets on each side.
Seed enter the intake end of the disc separator and are conveyed through the open
centers of the disc toward the discharge end of the machine. As the disc revolves
through the seed mass, the pockets lift out short seed but reject longer seed.
Longer seed which are rejected by the disc pockets are conveyed by flights on the
disc spokes to the discharge end of the machine and exit through the tailings gate.
A combination of centrifugal force and the fit of the seed into the pocket holds the
seed in the pocket as it is lifted from the seed mass. The pocket discharges its
seed after it passes the top vertical center of its rotation in the same way that an
elevator bucket discharges its load. Disc separators are manufactured in t h ree
diameters - 15", 18", & 25". The number of discs on the shaft and roto layout
(pocket sizes) determine the capacity of a unit.
Disc pockets are made in three basic shapes and each shape is made in a number
of different sizes. The pocket is always measured by its width. The length or
height of a pocket is essentially the same as the width. The depth is
approximately one-half the width. The under-cut side of the pocket is referred to
as the bottom or lifting edge.
The "V" pocket gets its name from vetch. It is designed to pick up and remove
round shaped seed with its round lifting edge.
The "R" pocket gets its name from rice and was designed to remove cross-broken
rice seed from whole seed. The "R" pocket looks like an up-side down "V" pocket.
It will reject round seed but will lift out cross-broken or short tubular, elongated
seed. The "V" or "R" pockets are followed with a number such as V 5 112 or R 6,
which indicates the width of the pocket in millimeters.
Square-faced pockets designated only by letters are available in sizes greater than
1/4" in width. Discs of this size are used to lift wheat from oats, rice from straw,
or as cleanup discs at the end of a roto layout.
The term "Roto Layout" is used to indicate the size of disc pockets from the feed
end to the discharge end of the disc separator. If the disc pocket size varies from
feed end to discharge end, the separation is more versatile but the capacity is
reduced. If the disc pocket size is the same from feed end to discharge the
separation versatility is limited, but the capacity is greatly improved.

Indented Cylin d er
The indented cylinder separator is a rotating, almost horizontal, cylinder with a
movable or rotating horizontal trough mounted inside it (Figure 2). The rotating
cylinder has recesses, indents or "pockets" which line the inside surface of the
cylinder. As the seed are fed into the feed end of the rotating indented cylinder,
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Figure 1. Disc Separator: diagram of separating action.

Figure 2. Cross-section of an Indented Cylinder Separator. A, cylinder wall with
indents; li., adjustable trough that catches short, lifted seed; C,
separating edge of adjustable trough; 12, conveyor that conveys long,
rejected material out of cyliner. Right: interior surface of cylinder.
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centrifugal force helps hold seed in the indent pocket. Short seed are held in the
pocket until the cylinder tums to a point where the pocket is inverted enough for
gravity to cause the seed to fall out.
Several factors affect the separation made by the indented cylinder. Length,
center of gravity, surface texture, and size of seed all determine how they fit into
the pockets and can be lifted out of the seed mass. The cylinder rotating speed
creates centrifugal force that holds the seed in the indented pockets as it lifts
upward. Therefore, shape and size of the pockets, along with the characteristics
of the seed, cause some seed to fall out sooner than others.
The adjustment of the inner trough along with the cylinder speed of rotation are
the most important adjustments for the cylinder separator. Two other adjustments
- tilt and retarder blade - are important, along with speed of rotation and tilt
(from feed end to discharge). These make a very versatile separator.
We have discussed both types of length separators. Which type is best for your
operation? The disc separator has more capacity-vs-space required, but the indent
separator has a better versatility in separation.
I have always used disc separators for small grain, rice, and some grass
separations. The indented cylinder has better separation quality when working
with a very light seed. So you can see that both separators will do a good length
separation, but you should choose the best machine for your application.

Width and Thickness Separators
Width and thickness separators are built with either flat or cylindrical screens.
The flat screen model has recessed perforations in sheet metal mounted on
conventional screen frames. The machine has several screens and can produce
different seed sizes in one operation.
Another type of flat screen model has perforated holes in sheet metal mounted on
a frame in pairs. A screen unit consists of two vertically "V" crimped sheets of
perforated sheet metal mounted on each side of a frame. The screen frame shakes
horizontally to make a thickness separation and is used in the rice industry.
The cylindrical model looks similar to the indented cylinder separator with the
perforation located in the bottom of the round or slotted indents. Multiples of
these units can be made together to produce several different seed sizes in a
continuous-flow operation.
Seed are fed into one end of a revolving perforated cylinder and the rotation
causes the product to tumble and up-end allowing the smaller seed to pass
through the perforations. The larger seed that will not pass through the
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perforations discharge out the opposite end of the cylinder. As the cylinder turns,
rubber flaps mounted on a shaft press against the outside of the cylinder or shell
and dislodges seed that are wedged in the perforations.
Three types of perforations are available for cylinder width and thickness
separators (Figures 3 and 4).
1.

Slotted perforations punched in the bottom of corrugated
spiraled grooves are used for thickness separation.

2.

Round, recessed perforations are used for width sizing.

3.

Cylinders with ribs placed lengthwise between each several
rows of perforations up-end the product and provide gently
agitation of the seed.

Several types of feeders are available for multiple or stacked units along with two
diameters of cylinders.

Summary
Dimensional separators are an integral part of any seed conditioning plant and
should not be considered a cure-all. They are like any other piece of seed cleaning
equipment. Select it properly, adjust it properly, don't over-feed it, and with
proper maintenance you will have a good product you will be proud to sell.
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Figure 3. Schematic view of a shell used to make width separations (width).

Figure 4. Schematic view of a shell used to make thickness separations
(thickness).

SEED QUALITY ASSESSMENT
Jan Ferguson1
Seeds set the maximum yield and quality potential of a crop. This is a message
I am continually sending to farmers and if we are to convince farmers to stay
away from bin-run and bootleg seeds you must deliver a product that lives up to
their expectations.
When farmers and gardeners buy a bag of seeds they expect the seeds to perform
well even if they plant too early when soil temperature is low or too late when soil
crusting creates problems. If farmers plant the seeds in very poor soils with little
production potential they still want to see quick germination and uniform
emergence. They expect a quality product.
There are several laboratory tests that evaluate the quality of a seed lot. These
tests can help seedsmen determine which seed lots are likely to perform poorly
when planted in poor soil conditions. Utilizing these tests can reduce the time and
money associated with poor stands.

Seed Quality

There are three important components that make up seed quality:

•

Genetic Purity

•

Crop Purity

•

Physiological Potential

Genetic purity is a key ingredient of seed quality. Keeping varieties separate in
all phases of seed production and conditioning is the heart of any public or private
certification program.
Crop purity is also important. Delivering a product that is free from weed seeds
or other crop seeds, that has little trash or broken seeds·is essential.

1
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Physiolog ic al compon ents are the elements that give the seeds the ability to
germinate and provide the energy for seedling growth and development.
Physiological quality is composed of three components.
•

Ger minat ion

•

Vigor

•

Health
Germina tion

The germination test is the universally accepted seed quality test. It measures
the ability of the seeds to develop into a "normal" seedling under favorable
germinating conditions. A normal seedling is one that has the essential structures
(root, shoot and food reserves) sufficient to produce a plant. Over the years this
test has been standardized by the Association of Official Seed Analysts (AOSA) so
that results are repeatable within and between labs.
There are several different testing procedures for germination. The media used,
temperature and time the seeds remain in the test vary with the crop species.
Recommended procedures for the different crop seeds can be found in th e AOSA
Rules For Testing Seed. In all cases the test conditions are considered ideal for
germination. The germination test is said to measure the maximum plant
producing potential of a seed lot.
The germination test, though universally accepted, is not without its pr oblems.
The test is considered an ali-or-nothing test. Either a seed germinates or it does
not. There is no measure of seedling strength, soundness or survival potential
under field conditions. Germination test results can correlate well with field
performance if the conditions in the field at planting time are close to ideal
(adequate moisture and favorable temperatures). But how often are field
conditions ideal?

Seed Vigor
Seeds are often slow to germinate or may fail to germinate when field conditions
are cold and wet. Seedlings produced in these environments are often weak and
may die before conditions improve. There are laboratory tests designed to
measure the germination and seedling survival potential of seed lots planted in
stressful soil conditions. These tests, known as vigor tests, are not as universally
accepted as the germination test but they are widely used. A seed lot with high
vigor has the potential to perform well under a wide range of conditions.
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There is no desire or intent in the seed industry, regulatory agencies or research
segment to label seeds for vigor. Rather the tests are intended to give seedsmen
a better ideal of total performance potential. Seed vigor tests are useful in
gathering information about:

•

Carry-over Potential Of A Seed Lot

•

Field Performance

•

Grower Or Conditioner Problems

Seeds reach their maximum quality potential about the same time they reach
physiological maturity. But seeds are alive and like any living system they
deteriorate. This deterioration ends in death. The rate of deterioration depends
on the conditions encountered during seed development, maturation, harvesting,
conditioning and storage. We can slow down the rate of deterioration by
manipulating the storage environment, but we can not prevent it.
One of the last things affected during the deterioration phase is seed germination.
If a seed lot has low germination , very little can be gained from further testing.
However, a seed lot can have a very high germination and have a very low vigor
level (Figure 1). These are the seed lots that benefit from vigor tests. There are
several vigor tests available and they all have positive and negative sides. Details
of suggested and recommended procedures can be found in the AOSA Vigor
Testing Handbook.

Seed Vigor Tests
Tetrazolium Test
The Tetrazolium Test (TZ) has been around for many years and is often used to
estimate germination. It is especially useful in dormant seeds. More recently the
TZ test has been used as a vigor test.
The test is performed by soaking seeds in TZ stain which will turn the tissue a
reddish color if the cells are alive. The location of the stain and its intensity are
both taken into account. A trained analyst can read the staining pattern of seeds
and determine if the seed is capable of germination and if the seed is high,
medium or low in vigor.
The staining patterns can also be interpreted in terms of mechanical damage, field
weathering, freeze injury, insect damage and heat injury during drying or storage.
TZ can also be used to identify seed lots with mineral deficiencies. Peanut
seedsmen often use TZ to determine whether the seeds have calcium or boron
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Figure 1. Changes in seed gennination and vigor over time.
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deficiency, both of which can cause problems during seedling development that
may not show up in the germination test.
The TZ test is quick. Results can be obtained in 24 hours or less. But, it takes
a skilled analyst to accurately interpret the test for vigor. This is one of the
problems with the test. Work is being done through the Vigor Testing Committee
of the AOSA to evaluate to potential of using TZ tests on corn and soybeans and
refine the procedures. The AOSA does list TZ as a suggested seed vigor test on
the following crops: alfalfa, cereal grains, beans, clovers, corn, cotton, peanut, pea,
rape, rice, sorghum, soybean and sunflower.

Conductivity
The electrical conductivity test is another test for estimating the potential
germination of seed lots that is now being used to evaluate seed vigor.
Seeds decrease in moisture content as they mature on the plant. It is thought
that when seeds are dry the cell membranes are disorganized. When seeds take
up water during the early phase of germination, sugars and other cell components
can leak out into the surrounding media. This leakage is normal. The cell
membranes recover quickly and become fully functional within a few minutes.
Many researchers feel that the membranes can undergo damage through a series
of natural changes that occur during seed storage. This damage is thought to be
one of the major causes of seed deterioration. The damage to the membranes
results in slower membrane recovery and, therefore, increased leakage during
imbibition. The more the seeds "leak," the lower the seed quality.
Excessive leakage can have a negative effect on seed performance in the field. The
sugars and other cell components that leak out of the seeds are perfect food
sources for soil-borne pathogens. When low vigor seeds are planted in cool, wet
soils they are slow to germinate, often remaining idle for days or even weeks.
Pathogens begin to feed on the sugars and eventually the seed itself, causing the
seed to rot or decay. Seedlings from slow germinating seeds in these conditions
are often subject to seedling decays or damping off. The end result is a poor stand
or weak seedlings.
High vigor seeds in the same circumstances do not leak as much and can stay in
the soil for longer periods before succumbing to the pathogens.
In the conductivity test seeds are soaked, generally for 24 hours, and the electrical
conductivity of the soak water is measured. Equipment is available to measure
the conductivity of a single seed or of a bulk seed sample. In general, high
conductivity is associated with low quality seeds.
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The test is easy to run and results are available in one to two days. There are,
however, several problems associated with this test.
•

Initial seed moisture and temperature of the soak water are
important and should be regulated.

•

Cracked seed coats will increase the amount of leakage.

•

If labs are using the bulk method, one bad seed can give a "false"
high reading.

•

Seeds stored in cold temperatures may be low in vigor (as indicated
by other vigor tests) yet have low conductivity.

In spite of the associated problems with the conductivity test, it remains a viable
vigor test. It is used regularly for vigor tests of wrinkled seeded garden peas and
soybeans. Research is being conducted to determine if the test can a ls o be used
on peanuts.

Accelerate d Aging
The accelerated aging test (AA), which was developed at Mississippi State
University, is one of the most popular vigor tests. In the AA test seeds are
exposed to high humidity and high temperatures for 3 to 4 days , and then placed
in a standard germination test. High vigor seeds can withstand a certain amount
of stress before starting to decrease in germination energy and potential. Low
vigor seeds deteriorate rapidly during the 3 to 4 day stressful "storage" period
with the result that germination declines.
The AOSA Vigor Testing committee has made great progress in making this test
reliable and repeatable. Over the years this test has become one of the better vigor
tests. But like all tests it has problems. First the test takes about 10 days to
complete. In a quality control program this is not a draw back. However, this can
cause a problem if a rapid test is needed for quick decisions.
One problem encountered with AA is standardizing equipment. The AA chamber
must be constructed so that the temperature can be regulated to within O.l °C.
Fluctuations above this range can cause unreliable results. Efforts are underway
to update equipment and to provide accurate procedures. AA is routinely run on
soybeans, peanuts, corn, pepper, cotton, wheat and peas.

39
Cold Test
The cold test is another test that has been around for many years. Like the AA
test, seeds are exposed to a period of stress before evaluating germination
potential. The seeds are placed in cold, wet conditions for a specified period of
time, transferred to warm temperatures and evaluated for normal seedling
development several days later.
The cold test typically uses soil or other media that contains naturally occurring
soil-borne pathogens. It was mentioned earlier in the section on conductivity that
these pathogens use the leachate from seeds as a food source. It is not unusual
in the cold test to see pathogen growth around low vigor seeds and seedlings even
if fungicide seed treatments have been applied prior to planting.
The cold test is routinely used to evaluate corn seed vigor. Most seed companies
use this test to determine which seed lots enter the seed trade. Several companies
have adapted the cold test to evaluate seed vigor in soybeans. Although most
soybeans in the Southeast are not planted in cold soils, the test is still a valuable
tool for evaluating vigor and can help identify potential emergence problems if
soils are dry and/or crusted.
The AOSA Vigor Testing committee has made a great deal of progress in
standardizing the cold test. Recommended procedures for cold test on field and
sweet corn were added to the AOSA Vigor Testing Handbook in 1992. Most seed
companies have become comfortable with the procedures and feel confident in the
interpretation of the results.

Cool Germination Test
The cold test is often too severe for crops like cotton. The cool germination test,
therefore, was developed to provide enough stress on the seeds to identify poor
quality lots. Cotton is often planted early in the mid-south, when the weather can
fluctuate from warm to cool within a few hours. The cool test has become a means
to identify seed lots that are not suitable for planting in cool soils.
Farmers can ask seed dealers about cool test results and decide for themselves
which lots can be planted early and which should be held until conditions improve.

Seedling Growth Tests
One of the first manifestations of decreasing seed vigor is the r eduction in energy
available for seedling growth. Therefore, measuring the rate of growth or
evaluating the soundness of the seedling can provide a good description of the
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overall quality of the seed lot. These tests are a good tool for quality evaluation
but are time consuming.
Classifying seedlings as strong or weak is a subjective call and obtaining
reproducible results on visual ratings can be difficult. The seedling growth rate
test, however, is based on seedling weight and can be a valuable test.

How Well Do Quality Tests Relate To Field Performance?
The question posed for this section is a valid one that is frequently asked. It was
mentioned earlier that the standard germination test can correlate well with field
emergence if the soil conditions are favorable. However, when temperatures are
low and/or if soils are crusted, germination is frequently not a reliable
measurement of emergence potential.
Craig Nelson, a graduate student at the Univer sity of Kentucky, did a study
where the cold test, AA, conductivity, TZ and germination tests were compared to
field emergence of soybeans. In 1987 when seeds were planted under stress
conditions, he found that all of the vigor tests correlated very well with emergence,
but the standard germination test did not. In 1988 when soil conditions were
better, the standard germination test was a much more reliable predictor of
emergence than any of the vigor tests. So the correlation of any lab test to field
performance depends on the condition encountered in the field.

Seed Health
The third component of physiological quality is seed health: the presence or
absence of seed borne pathogens or seed transmitted diseases. Seed health is
becoming very important to the seed industry, especially as we begin to export
more seeds. Many foreign countries have strict regulations about seed health and
seed lots must often have phytosanitary certificates to enter the seed trade.
Seed transmitted diseases like smut or scab can cause serious yield and quality
problems for farmers. Other diseases like Phomopsis , one of the causal agents of
pod and stem blight, can reduce germination potential. The relationship between
Phomopsis infection and germination of four 1991 soybean seed lots can be seen
in Figure 2. As the level of Phomopsis infection increases (more seeds infected),
the lower the germination . Three of the four seed lots were substandard and could
not be sold for seeds in North Carolina. Treating the seeds with Vitavax brought
the germination of all four seed lots to 80% or higher.
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Figure 2. The relationship between seed Phomopsis infection and germination of
four soybean seed lots.
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Summary
The measurement of seed quality is extremely important to the seed industry.
Germination, vigor and health tests are available to assure that the seeds
delivered to the farmer, gardener or home owner are high quality. It is critical for
the seed industry as a whole to use these tests to determine the potential use of
seed lots.
The AOSA Vigor Testing committee continues to evaluate old and new vigor tests.
Copies of the Vigor Testing Handbook can be obtained by writing to Larry J.
Prentice, Nebraska Crop Improvement Association, 268 Plant Science; IANR UNL, Lincoln, NE 68583-0911.

TECHNICAL ASSISTANCE AND TRAINING
Charles C. Bask.in 1
In order to keep abreast of our ever-changing industry we must devote some time
to training. At times we may also depend on help in the form of technical
assistance. First, lets consider training. New information, improved techniques
and methods, new tests, better ways of doing things are emerging regularly.
Needs of our clientele are constantly changing. If we are to be competitive,
training is a necessity. The fact that you agree is evident by your participation
in this 38th Short Course for Seedsmen. Who should participate in training? The
answer might be "Everyone". Lets be more specific.
Administrative personnel need to be aware of trends and changes to make the best
management decisions. Obviously, personnel involved in production, harvesting,
handling, storage, conditioning, testing, quality control, distribution and
marketing need training as a refresher and for learning new information.
Opportunities for training are varied. Short courses are one of the most popular.
Short courses of various kinds and duration are offered by Universities, Seed
(Crop) Improvement Associations, the USDA in cooperation with other
organizations, State Departments of Agriculture, and other organizations. Most
short courses are devoted to or are centered around seed conditioning, possibly
because this is the primary involvement of most seed companies. Other short
courses involve seed testing, drying, storage, quality control, production and
harvesting. Short courses usually offer some kind of "hands on" activity and
demonstrations for participants.
Seminars are not as common as short courses, however, they are an effective
means of obtaining information. These are usually of shorter duration than short
courses and are often limited to one subject or a few closely related subjects such
as a seminar on seed treatment. Seminars are primarily presentations and offer
no "hands on" activities.
Professional meetings often offer opportunities for training.
Seedsmen
Associations both state and regional and ASTA all have displays, educational
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sessions, and presentations on various subjects. New information and ideas evolve
from these meetings.
The Crop Science Society of America has a division devoted to "seed. " This group
has sessions at meetings where papers are presented on seed and subjects related
to seed. The Association of Official Seed Analysts/Society of Commercial Seed
Technologist annual meeting often has workshops, presentation of papers, posters,
displays, tours, committee meetings, all devoted to some phase of seed technology.
The International Seed Testing Association has programs similar to the
AOSNSCST and meets once every three years.
Other organizations may devote a part of their activities to seed. The Beltwide
Cotton Conference, American Pathological Society, Weed Science Society of
America, agricultural engineering organizations, plant physiology-botanical
societies, to mention a few, are sources of information and offer opportunities for
training in seed. Seed companies often organize training for their personnel.
Opportunities for training are usually announced and advertised by the
organization conducting the training. Announcements are also made through
trade journals, various newsletters, mass media and by other means.
Technical assistance generally involves bringing in someone from outside the
organization for a short period of time, usually one to a few days to help with a
specific problem. Technical assistance often involves someone on a consulting
basis. Organizations that have training programs for their own personnel often
require or involve some technical assistance. There are numerous sources of
technical assistance. Some companies, such as equipment companies provide
technical assistance with equipment selection, installation and operation. Some
chemical companies provide technical assistance with seed treatment and field
problems. State Department of Agriculture personnel, University Extension
personnel, Seed Improvement Association personnel are often available for
technical assistance with training in seed testing, equipment operation, field
problems and trouble shooting.
University personnel other than extension, registered seed technologist and
certified seed analysts can often be called on to assist with training and problems.
There are a few people who work as consultants, particularity in the area of plant
design, seed conditioning, drying and storage. People retired from companies,
universities and other organizations are often willing to provide technical
assistance.
Whatever your needs or your companies needs, there are numerous opportunities.

SOME THOUGHTS ON SEED STORAGE
James C. Delouche 1

During the past 20 years or so, I've written more than a lot on various aspects of
seed storage. In the mid-1970s special and rather detailed attention was given to
conditioned or controlled storage of seed. Looking back over these efforts,
however, I find that the several aspects of seed storage - including conditioned
storage - were not related to each other as they ought to be, and significant
aspects of seed storage were neglected. In this article, I hope to overcome
deficiences in my previous efforts.

Purpose of Seed Storage
Every seed operation has or should have a purpose. The purpose of seed storage
is to maintain the seed in good physical and physiological condition from the time
they are harvested until the time they are planted. Seed have to be stored, of
course, because there is usually a period of time between harvest and planting.
During this period, the seed have to be kept somewhere. While the time interval
between harvest and planting is the basic reason for storing seed, there are other
considerations, especially in the case of extended storage of seed.
Seed suppliers are not always able to market all the seed they produce during the
following planting season. In many cases, the unsold seed are "carried over" in
storage for marketing the second planting season after harvest. Problems arise
in connection with carryover storage of seed because some kinds, varieties, and
lots of seed do not carryover very well.
Seed are also deliberately stored for extended periods so as to eliminate the need
to produce the seed every season. Foundation seed units and others have found
this to be an economical, efficient procedure for seed of variet ies for which t here
is limited demand. Some kinds of seed are stored for extended periods to improve
the percentage and rapidity of germination by providing enough time for a
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Proceedings.
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"natural" release from dormancy. For example, seed of some range grass species
germinate much better 2 or 3 years after harvest than they do the first planting
season after harvest. Some cotton farmers in Texas prefer "old" seed because they
apparently germinate better at sub-optimal temperatures, i.e., lower temperatures.
Breeding lines and germplasm need to be maintained for very extended periods
- tens of years - in the seed stage in storage.
Regardless of the specific reasons for storage of seed, the purpose remains the
same: maintenance of a satisfactory capacity for germination and emergence. The
facilities and procedures used in storage, therefore, have to be directed toward the
accomplishment of this purpose.

Th e Stor age Period
Plans and provisions for seed storage are all too often confined to the interval
between the completion of conditioning and the beginning of distribution. This
"packaged seed" phase is very important in a seed storage program, but it is only
one segment of the total period seed are "in storage" (Figure 1). Concentration of
the available physical and managerial resources on the packaged seed segment to
the neglect of other segments of the storage period often produces disappointing
results.
In the broadest sense the storage period for seed begins with attainment of
physiological maturity and ends with the resumption of active growth of the
embryonic axis, i.e., germination. Seed are considered to be physiologically and
morphologically mature when they reach maximum dry weight. At this stage
dry-down or dehydration of the seed is well underway. Dry-down continues after
physiological maturity until moisture content of the seed and fruit decreases to a
level which permits effective and efficient harvest and threshing. This stage can
be termed harvest maturity. There usually is an interval of time between
physiological maturity and harvest maturity, and this interval represents the first
segment of the storage period. Any delays in harvesting the seed after they reach
harvest maturity prolongs the first segment of the storage period - often to the
detriment of seed quality.
The second segment of the storage period extends from harvest to the beginning
of conditioning. Seed in the combine, grain wagon, and bulk storage or drying
bins are in storage and their quality is affected by the same factors that affect the
quality of seed during the packaged seed segment of the storage period. The third
segment of the storage period begins with the onset of conditioning and ends with
packaging. The fourth segment of the storage period is the packaged seed phase·
which has already been mentioned. The packaged seed segment is followed by
storage during distribution and marketing, and finally by storage on the farm
before and during planting.
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Segments of the Storage Period For Seed

1.

Postmaturation - Preharvest Segment - period from physiological
maturity to harvest (seed in field).

2.

Bulk Seed Segment - period from harvest to packaging (bulk seed in
aeration/drying bins, surge bins, etc.).

3.

Packaged Seed Segment - period from packaging to distributation (seed
in packages in warehouse).

4.

Distribution - Marketing Segment - period during distributing and
marketing (packaged seed in transit and/or retailer's storehouse).

5.

On-Farm Segment - period from purchase to planting of seed (seed in onfarm storage).
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The control that a seedsman has over the v~rious segments of the storage period
for seed varies from a high degree of control from harvest to distribution, to much
less control during the postmaturation-preharvest, distribution-marketing, and
on-farm segments. Despite variable degrees of control over the various segments
of the storage period, the seedsman's plans for storage must take into
consideration all the segments. The things t hat can be done must be done if the
quality of the seed is to be maintained.
Since the main objective of seed storage is maintenance of an acceptable capacity
for germination and emergence, it can only be accomplished by reducing the rate
of deterioration to the degree required to maintain an acceptable level of quality
for the desired period. Since seed storage is basically concerned with control of
the rate of deteriorative processes, some understanding of deterioration is
essential for planning and implementing a program for successful storage of seed.

Seed D e terioration
Seed a r e alive. All living systems undergo degenerative changes with time. The
rate of degeneration is very much influenced by inheritance, the types and
duration of stresses on the living system, and traumatic disturbances of the
system . Control of the rate of degenerative processes, therefore, involves
minimization of stresses on and traumatic disturbances to the system.
Seed deterioration is progressive. Degenerative changes occur over time which
impair function and performance.
As mentioned above, the rapidity of
deterioration is influenced by several factors including inheritance. In the case
of severe traumas such as gross mechanical, heat, or cold injury, or toxification by
exposure to certain chemicals, performance potential of a seed can be reduced to
zero in a few minutes - even instantaneously. Less severe traumas reduce
performance potential to some level above zero, and increase susceptibility of the
seed to other stresses during conditioning, packaged seed storage, and in the seed
bed.
Deterioration of seed has several characteristics which must be recognized in
developing and implementing plans for storage of seed. First, it is an exorable
process. Deterioration cannot be prevented. The rate of deterioration, however,
can be reduced to the extent that seed can be stored for about as long as most folk
want to store them. Secondly, and perhaps more important in practical terms,
deterioration is irreversible. The quality of seed is not improved by storage unless
dormancy is involved and gradually released dur ing storage. (It should be noted
that there are certain lines of evidence which if pursued successfully might make
if possible to significantly reverse deteriorative changes.
Presently, and
practically, however, seed deterioration is still irreversible.)
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Seed deterioration is the progressive impairment in function and performance.
The direct consequences of deterioration derive from this impairment in function
and performance. Aspects of seed performance are progressively reduced
culminating in loss of the germination capacity of the seed. The indirect
consequences of deterioration are equally important. As the seed system
deteriorates, it becomes more vulnerable to stresses such as sub- or supra-optimal
temperatures, reduced oxygen supply resulting from excessive moisture, invasion
by seed rotting microorganisms, and mechanical impedance to emergence, or to
use a "buzz" term, "vigor" decreases.

Seed Longevity
Reference has been made several times to the influence of heredity on rate of
deterioration of seed. Seed of some species are inherently longer-lived than others.
Most seedsmen know that soybean seed do not store as well as corn seed or
cottonseed. Peanut seed producers think that soybean seed are long-lived! There
are also inherent differences in longevity among varieties within a species. Some
inbred lines of corn do not store as well as others. Varieties of soybeans and
cotton also differ in terms of rate of deterioration. In some cases, perhaps most,
differences in storability of varieties within a species can be related to dormancy,
which is an inherited characteristic. Dormancy not only delays and distributes
germination over time, it also protects the seed during the "delay" period against
some of the stresses that accelerate deterioration so that germination capacity can
be maintained for "distribution" over time.

Field Deterioration of Seed
Climatic conditions during the postmaturation, preharvest period establish the
basic quality of seed, and thus, have an important influence on the storability of
seed after harvest. Frequent and prolonged rain, heavy dews, fog, high humidity
and warm temperatures contribute to deterioration of seed while they are still on
the plant. Seed which have been subjected to such conditions do not store well
even though germination might be relatively high after harvest.
Timely harvesting and other steps that can be taken to reduce the field
deterioration of seed are as important as the postharvest measures used to
maintain seed quality. In a very fundamental sense, the production of high
quality seed is the essential first step in successful storage of seed.

Harvesting
Mechanical harvesting is the first exposure of seed to mechanical forces that can
cause injury. Damage to seed during harvesting can not only reduce germination ·
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almost immediately but also reduce the storage potential of less severely injured
seed. The same situation pertains in shelling operations such as the shelling of
com and peanuts. Reduction in the incidence and severity of mechanical damage,
therefore, must be given attention in planning for successful storage of seed.
The moisture content of seed at harvest has an important influence on mechanical
damage. Generally, seed at a moisture content 13% or higher - up to about 16%
- are less susceptible to mechanical damage especially fracturing of the seed coat,
cracking and breaking of the cotyledons, endosperm, and embryonic axis. While
seed at moisture contents above 13% are resistant to mechanical forces, problems
can develop as the seed are taken from the combine and placed in bulk storage.
A relatively high seed moisture content combined with a warm temperature favors
deteriorative processes which lead to loss of vigor and ultimately a decrease in
germination.

Influence of Seed Moisture
The moisture content of seed is determined or influenced by several independent
factors which are operative at different times. During seed development and
maturation, growth of the seed in size and weight is accompanied by a decrease
in moisture content. Moisture content decreases rather slowly from above 80% a
few days after fertilization until the seed attain physiological maturity at moisture
contents ranging from 30 to 55%, depending on the species. Thereafter, moisture
content decreases rather rapidly until the seed are harvested or come under the
influence of climatic conditions in the field. If the seed are harvested at relatively
high seed moisture contents, e.g., com and rice, the moisture content is
determined by the stage of drydown at the time of harvest. For other kinds of
seed which are essentially allowed to complete drydown before harvest, the
moisture content at harvest might be determined by the degree of drydown or by
re-wetting and redrydown during inclement weather. Regardless of the factors
involved, the moisture content of seed at harvest, in bulk storage, and later, has
the greatest influence on rate of deterioration of the seed.
The rate of seed respiration is closely related to moisture content and
temperature. Seed at 14% moisture and higher respire much more rapidly than
seed at 12% or less. Respiration produces heat which can raise the temperature
in a mass of seed well above the ambient. If the seed moisture content is 15% or
higher, the relative humidity in the seed mass will be well above 75%, which is
favorable for growth and reproduction of storage molds. The molds also respire
and produce heat which raises the temperature in the seed mass still higher. This
heating cycle initiated in even moderately high moisture content seed can cause
rapid deterioration and loss of germination. Even when seed moisture content is
below 13%, moisture can migrate or be transferred in a bulk storage bin to the
extent that some of the seed increase to well above 14% in moisture.
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Since seed moisture content is so crucial in terms of retention of seed quality from
harvest through marketing, steps must be promptly taken to reduce moisture
when it is above 13% and to prevent moisture migration in bulk storage bins.

Importance of Drying and Aeration
Heated air drying is, of course, the usual method of reducing the moisture content
of seed harvested at relatively high moisture levels such as corn and rice. In some
years, drying of other kinds of seed such as wheat, sorghum, and even soybeans
is necessary. Drying should be initiated promptly because any delay in the
start-up of drying can be detrimental.
The effectiveness of drying in maintenance of seed quality is largely determined
by the rate of drying and the drying temperature. Drying too slowly prolongs the
period the seed are at a high moisture content and results in deterioration of the
seed. Use of a sufficient flow of air at an appropriate temperature is very
important in drying seed. Drying too rapidly, on the other hand, can also be
damaging to seed quality, especially when associated with higher-than-safe
tern peratures.
Heated air drying is often not necessary to reduce seed moisture content a few
points, say from 14 to 12%. At such a moisture content drying does not have to
be accomplished as rapidly as when the seed are harvested at higher moisture
levels. "Natural" air drying with a sufficient air flow rate will usually pull down
moisture to the desired level within a few weeks.
Aeration of seed even at relatively low seed moisture contents, i.e., 11 to 13%, is
important to remove "field heat" from the seed mass and to further reduce the
temperature of the seed mass as ambient temperature decreases during the fall.
Proper aeration also evens out temperature in the seed mass and prevents the
migration or transfer of moisture in the bulk storage bin.
Drying reduces the field moisture of the seed to a level "safe" for handling,
conditioning and storage. Aeration reduces the temperature of the seed mass
during bulk storage and prevents the development of wet spots. Problems
associated with high seed moisture do not end, however, with the completion of
drying and aeration. During aeration and thereafter, seed moisture content comes
under the influence of the relative humidity of the atmosphere. Seed moisture
content rises during periods of high humidity and decreases during periods of low
humidity. Relative humidity and temperature, therefore, become the most
important determinants of seed longevity during the packaged seed phase of the
storage period.
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Hygroscopic Moisture Equilibrium
Seed are hygroscopic, that is, they absorb moisture from the atmosphere or lose
moisture to it until the vapor pressures of seed moisture and atmospheric
moisture (vapor) reach equilibrium. Since the vapor pressure of atmospheric
moisture at a specific temperature and pressure is directly related to the degree
of saturation or relative humidity, seed attain specific and characteristic moisture
contents when exposed to different levels of relative humidity. The characteristic
moisture contents attained by the different kinds of seed under different levels of
relative humidity are variously referred to as equilibrium moisture contents of
hygroscopic equilibrium values.
The equilibrium moisture content varies among seed kinds (Table 1). In general,
the equilibrium moisture content for oily seeds, e.g., soybeans, cotton, peanuts,
sunflower, is lower than that of starchy seed, e.g., wheat, corn, sorghum, rice, at
the same relative humidity and temperature. This phenomenon can be mostly
accounted for by the fact that fats and oils do not mix with water. Thus, in a seed
that has an oil content of 50%, the moisture is concentrated in the non-oil portion,
or 50% of the seed, while in a seed kind that contains only 10% oil, moisture is
distributed throughout 90% of the seed.
Since the hygroscopic equilibrium moisture content of seed varies among seed
kinds in relation to chemical composition, it is not possible to specify "safe"
moisture contents for seed unless the kinds of seed are known along with the
period of storage, ambient temperature and relative humidity. For example, corn
seed attain a moisture content just over 13% at a relative humidity of 60% and a
temperature down to about 50°F. Under the same conditions, soybean seed attain
a moisture content of about 10%.
The establishment of hygroscopic moisture equilibrium in seeds is a
time-dependent process, that is, it does not occur instantaneously. A period of
time is required, the length of which varies with the seed kind, initial moisture
content, the average relative humidity, and temperature. Under open or
non-conditioned storage, seed moisture content fluctuates with long term changes
in relative humidity, and does not rise and fall with the normal diurnal variation
in relative humidity from low in mid-afternoon to high in early morning.
The equilibrium established between seed moisture content and atmospheric
relative humidity is two-directional. In an open system, seed moisture content is
established by the relative humidity, but in a closed or relatively closed system,
the relative humidity is established by the moisture content of the seed. A closed
system would consist of a container impervious to the passage of atmospheric
moisture vapor, while a "relatively" closed system would be something like a bulk
storage bin filled with seed, or any large mass of seed.
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Table 1. Moisture contents of some field crop seed at equilibrium with various
levels of relative humidity (approximately 77°F).
Relative Humidity(%)
Kind
Alfalfa
Barley

15

**
6.0

30

45

60

75

90

6.4

7.4

8.6

13.0

18.0

**

8.4

10.0

12.1

14.4

19.5

26.8

100

Bermudagrass
(hulled)

**

8.1

9.2

10.8

13.6

17.2

**

Clover, Red

**

7.2

8.2

9.2

13.2

18.4

**

Com, Field

6.4

8.4

10.5

12.9

14.8

19.1

23.8

Com, Pop

6.8

8.5

9.8

12.2

13.6

18.3

23.0

8.4

9.8

11.2

13.3

17.1

**

Fescue, Hall

**

Flax

4.4

5.6

6.3

7.9

10.0

15.2

21.4

Peanut

2.6

4.2

5.6

7.2

9.8

13.0

**

Rice, Milled

6.8

9.0

10.7

12.6

14.4

18.1

23.6

Rye

7.0

8.7

10.5

12.2

14.8

20.6

26.7

7.5

10.0

11.2

13.8

17.0

**

Ryegrass

**

Sorghum

6.4

8.6

10.5

12.0

15.2

18.8

21.9

Soybeans

4.3

6.5

7.4

9.3

13.1

18.8

**

5.1

6.5

8.0

10.0

15.0

**

Sunflower

**

Wheat, Soft
Red

6.3

8.6

10.6

11.9

14.6

19.7

25.6

Wheat, Hard
Red

6.4

8.5

10.5

12.5

14.6

19.7

25.0

8.6

9.9

11.6

15.0

19.7

26.3

Wheat, White

**
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If the moisture content of seed in a bulk storage bin, metal container, or
thick-walled plastic bag is high, the relative humidity of the air in the space not
occupied by seed will be high. If the humidity is above 65-70% storage molds can
develop and accelerate the deteriorative processes. High humidities in a mass of
seed also provide an ideal environment for the activity and reproduction of storage
insects. Maintenance of seed moisture content at such a level that the relative
humidity within the pore spaces in the seed mass is below 65% not only reduces
the rate of purely physiological deterioration, but eliminates storage molds as a
factor in the deterioration process.
The equilibrium moisture contents of seed at the different levels of relative
humidity are established at 77°F (25°C).
As temperature increases, the
equilibrium moisture content decreases on the order of about 1% moisture for each
20°F rise in temperature. As the temperature decreases below 77°F, the
equilibrium moisture content increases slightly. Deteriorated or low quality seed
tend to have a s lightly higher equilibrium moisture content than high quality
seed.

Storage Conditions
Since seed moisture content and ambient relative humidity are in equilibrium
during storage, maintenance of a "safe" moisture content requires an average level
of relative humidity in the storage environment no higher than that in equilibrium
with the "safe" or desired moisture content. This favorable situation can be
achieved in only three ways: (1) location of the storage facility in a region where
relative humidity does not rise - on the average - above the critical level; (2)
maintenance of the relative humidity at the desired level by packaging seed in
moisture vapor proof containers; or (3) dehumidification of the storage room
atmosphere to the desired level. The desired level of relative humidity for
successful storage of seed depends, of course, on the kind of seed, the duration of
the storage period, and the temperature.
With reasonable precautions, good quality seed of the major crops can be
successfully stored in most regions in the U.S. from harvest to the following
planting season without packaging in moisture vapor proof containers or
dehumidification of the storage environment. In the U.S. conditions for storage,
i.e., relative humidity and temperature, become progressively more favorable from
south to north and from east to west. Conditions along the Gulf Coast from South
Texas across Florida are marginal for seed storage even for one season.
Throughout the humid tropics , e.g., Central America, rapid deterioration of seed
during storage is the major problem in seed production and supply operations.
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Preventive

P~ctices

A successful seed storage program requires knowledge of the principles involved,
planning, implementation of quality assurance procedures, follow-up actions as
necessary, and a quantum of common sense. The principles of storage have been
reviewed. Planning must be done within the context of operational scope and style
taking into account the principles of storage. Quality assurance procedures can
range from the relatively simple to the elaborate, but they must address the operational stages that can influence the maintenance of seed quality so as to provide
the needed information on which to based management decisions, i.e., application
of that quantum of common sense.
Over the years I've detected a substantial amount of wishful thinking and/or
reluctance to face facts among seedsmen - a good bit of it in the seed storage area.
Seedsmen used to complain about the 13% maximum moisture content for
certification of soybean seed in Mississippi and other states with the result that
the standard was dropped. It is all too widely believed that there's not any real
difference between seed at 13% moisture or less and those above 13%- even 14%+.
Therefore, it's wasteful to aerate (dry) to reduce moisture content to 13% or less.
The difference between 13 and 14% moisture soybean seed- or other kinds of seed
-is the 13% seed will maintain viability and vigor about twice as long as those at
14%. Often, it (the lower moisture content) provides the margin of safety for
soybean seed that have to be carried in storage until June or even early July
before planting. There is no doubt that the extra effort and expense required to
reduce the moisture content of seed to the 13% or less level favorable for retention
of viability and vigor for 8-10 months will reduce complaints. Whether the
reduction in complaints is worth the effort and expense is, of course, a matter for
management to judge.
Seedsmen often receive and store marginal or even quite inferior seed rather than
diverting them to the grain or altemative market on the gamble that supplies
might be short enough to "make" the seed acceptable for marketing. Sometimes
the gamble pays off, other times the investment in the seed is simply increased
through conditioning, packaging, and storage before the bags are "busted" for
delivery of the seed to the elevator. There are, of course, good business reasons
to accept and hold a limited amount of marginal quality seed if it become$ well
established that supplies of good to high quality seed will be tight. It is a fact that
a lot of low quality seed in inventory is marketed at high prices during tight
supply situations- the warehouses are "cleaned out". However, seedsmen should
bear in mind, especially in these times of litigation, that low quality seed are low
quality seed whether the supply is short or long. The risks are about the same.
The supply situation is usually not germane in a complaint or civil suit based on
poor or no performance of seed.
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Some seedsmen exhibit a rather-not-know attitude. They get a minimal
germination% from a test made in mid-winter, but do not have the seed retested
in the spring because they're fearful germination might have dropped further,
thus, confronting them with the decision to market or not market the seed. So,
they'd rather not know. But, the times are changing and there's just too many
lawyers for such practices to long survive.
The storage operation - in its broadest meaning - is crucial in a seed business.
Seed in storage represent the potential return on considerable investments made
to purchase the raw seed, condition them, store them until distribution, market
them, and manage all these operations. As seed enters the market place - still in
storage - they are the product on which judgements will be made by consumers.
At the bottom line, it is the seedsman's reputation on the line!
As a minimum, a quality assurance program relating to storage should look into
the extent of weathering before harvest, the adequacy of aeration/drying in bulk
storage, determine germination and mechanical damage before final acceptance
of the seed for conditioning, and then monitor germination every 3-4 months until
marketing. Positive action programs to ensure that the seed are harvested in a
timely manner so as to minimize weathering, harvested properly so as to minimize
mechanical damage, aerated/dried to a desired moisture content, handled and conveyed to minimize damage, and stored in a properly ventilated, clean warehouse
substantially improve the chances that the storage operation will be successful.
Sanitation is very important in a successful storage operation. Storage insects
thrive in refuse and can ruin seed, especially "carried over" seed, or seed stored
during the summer months. Cleanliness of the warehouse is the first step in
insect control. Regular clean-ups combined with periodic space sprays with
insecticides minimize storage insect problems. All seed entering the warehouse
should, of course, be inspected for insects. Infested seed should be diverted to an
altemate market or fumigated elsewhere before it enters the warehouse.
Rodents can be enormously destructive to seed in storage.
Cleanliness,
construction of the warehouse to make it as rodent proof as possible, and
employment of a good exterminator are about as much as can be done.

Summary
Successful seed storage does not just happen - it has to be planned for.
Application of the principles of storage can insure that the investment made in
seed pays off in seed sales and satisfied customers.

VIGOR TESTING WORKSHOP
Compiled by:
C. Hunter Andrews
and
Susana Goggi
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DEFINITIONS OF SEED VIGOR
AOSA Definition
"Seed vigor comprises those seed properties which determine the potential for
rapid, uniform emergence, and development of normal seedlings under a wide
range of field conditions" (1980).

ISTA Definition
"Seed vigor is the sum of those properties which determine the potential level of
activity and performance of the seed or seed lot during germination and seedling
emergence.
"Seed which perform well are termed 'high vigor seed,' while those which perform
poorly are called 'low vigor seed.'
"The aspects of performance which may show variations associated with
differences in seed vigor include: (1) biochemical processes and reactions during
germination such as enzyme reactions and respiratory activity, (2) rate and
uniformity of seed germination and seedling growth, (3) rate and uniformity of
seedling emergence and growth in the field, (4) emergence ability of seedlings
under unfavorable environmental conditions.
"The effects of vigor level may persist to influence mature plant growth, crop
uniformity, and yield.
"Many factors induce variations in the level of seed vigor, but the principal known
causes are: (1) Genetic constitution, (2) Environment and nutrition of the mother
plant, (3) Stage of maturity at harvest, (4) Seed size, weight or specific gravity, (5)
Mechanical integrity, (6) Deterioration and aging, (7) Pathogens.
"Seed dormancy may obscure vigor potential of a seed lot in a laboratory, but it
should not be regarded as a component ofvigor if seedling emergence is unaffected
in field sowings."
The principles adopted for a vigor test by ISTA are also of interest.
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"A vigor test must be reproducible and the results must be proved to be correlated
with a field performance characteristic such as seedling emergence under
environmental st ress.
"Vigor t est s may be direct or indirect. Direct tests are those in which an
environmental stress expected in the field is reporduced in teh laboratory and the
percentage and rate of seedling emergence is recorded, e.g., Hilter test, cold test.
Indirect tests are those in which other characteristics of the seed which have
proved to be correlated with an aspect of field perfomance are measured, e.g.,
respiration rate, topographical tetrazolium reaction, conductivity test.
"No single method will satisfy all requirements and a method or combination of
methods should be chosen to suit the crop or the environment into which it will
be sown."
SEE ALSO GRAPHICAL REPRESENTATIONS BELOW:

CHECKLIST FOR SEED VIGOR TESTING
-NEED FOR INFORMATION ON VIGOR
- PURPOSE OF TESTING
- SUITABILITY OF TEST(S)
- REQUIRED LEVEL OF PRECISION (Equipment and Methods)
- LEVEL OF PRECISION ATTAINABLE
- EXPERIENCE AND/OR EXPERTISE WITH TEST(S) SELECTED
- INTERPRETATION CRITERIA
- CALIBRATION AND MEANING OF RESULTS
- DECISION-MAKING PROCEDURES.
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ACCELERATED AGING TEST
Crops: Bean, Com, Cotton, Pea, Peanut, Pepper, Wheat
Estimate seed longevity in warehouse storage. Predict life span under
range storage conditions. Predict seed performance other than storability,
such as stand establishment.

Principles:
1.

Deteriorates seeds at high temp. (40-45°C) and high RH (>90%) for
short period (48-96 hr).

2.

Enhance deterioration so that germ decline is proportional to initial
physiological potential of seeds.
Ex: High Vigor Seeds - small decline germ
Low Vigor Seeds - large decline germ

3.

Germ response after AA relates to field performance under wide range
of environmental conditions and to relative storability.

Equipment and Supplies:
1.

Single sample inner chamber 'tray-method' provides standardized AA
results.

2.

Si_n gle sample inner chamber placed into outer chamber constant
temp. of 40-45°C (+ 0.1°C). See Table 1.

3.

High RH in outer chamber prevents water evaporation m 1nner
chamber.

4.

Prevent water collecting at top-inside of outer chamber (condensation)
and dripping on lid of inner chamber boxes. This causes condensation
on inside of box increasing seed moisture, molds and rate of germ
decline.

5.

Inner chamber (tray) method uses plastic germ box 11.0 x 11.0 x 3.5
em with lid.

6.

Inside box placed on 10.0 x 10.0 x 3.0 em wire-mesh screen.
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7.

40 ml water added to each box.

8.

Seeds should be single layer above water surface.

Procedures:
1.

40 ml water added to each box. Do not splash water on screen.

2.

Seed samples determined on weight basis and placed on screen one
layer deep. Larger seeds may require two boxes.

3.

Secure lid on each box and place inner chamber into incubator. Do
not open incubator during aging period.

4.

After aging, remove seeds and plant according to standard germ test.
Plant immediately after AA.

5.

Check moisture content of seeds at the end of aging to ensure that
procedures were proper.

Interpretation:
1.

Evaluate according to AOSA Rule. Normal seedlings are considered
vigorous.

2.

Compare AA results with standard germ.

Observation:
1.

AA is an excellent vigor test. Needs refinements in techniques,
equipment, and time-temp. interactions for many seed kinds other
than soybean seeds.

2.

Soybean results show that sample size must be determined on a seed
weight basis rather than seed number.

3.

Control temperature of outer chamber precisely. Minor fluctuations
influence germ results .

4.

Do not compare results of treated with non-treated seed lots.

5.

Seed lots should be at similar seed moisture before aging. Differences
of 1-2% is OK at seed moisture less than 13%.
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COLD TEST
Crops: Field Corn, Sweet Com
Assessment of field performance
Evaluate fungicide efficacy
Genetic screening - cold, wet soil
Evaluate deterioration related to storage, freezing, immaturity, injury
Evaluate effects of mechanical damage on germination in cold, wet soil
Select seed lots for early spring planting
Basis for adjusting planting rates.

Principles:
1.

Measures ability of seeds to germinate under high soil moisture, low
soil temp. and microbial activity.

2.

Simulates adverse field conditions and represents low germination
that might be obtained under such conditions.

3.

Standard germination represents highest germination.

4.

Therefore, field germination will be between these extremes.

5.

If cold test germination is near standard germination, the seed lot will
germinate well over wide range of conditions.

6.

Cold test germination is affected by heredity, mechanical injury,
treatment and physiological condition. The test measures the
combined effects of all factors.

Equipment and Supplies:
1.

Plastic crisper (shoe box) - seeds actually planted in germination
medium with natural microflora from field with temperature and
moisture carefully controlled.

2.

"Rolled towel" and "Tray" methods are better for high volume testing.
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Rolled Towel Procedure
1.

Two paper towels soaked in cold water (10°C) and plant 50 seeds.
Cover seeds with thin layer sand-soil mixture (1 sand: 1 field soil).

2.

Cover with one soaked - chilled paper towel, and roll as in standard
germ test.

3.

Place roll upright in plastic bucket and incubate at 10°C for 7 days .

4.

Place at 25°C for germination and evaluate after 4 days just as in
standard germination test.

Tray Method
1.

Food service tray 45 x 66 em (18 x 26 in.) used as container.

2.

One sheet of 40 x 61 x 0.5 em (16 x 24 x 0.25 in.) kimpak placed on
tray and soaked in 1,100 ml chilled water (10°c).

3.

Two replicates of 100 seeds each (200 seeds) placed on top of kimpak.
Press seeds into kimpak to stabilize.

4.

Add excess day sand - soil mixture spread over seeds.

5.

A levelling board to produce a level 0.4 em (1/8 in. ) below lip of tray
is used to level soil.

6.

Sand-soil equilibrated at 70% saturation.

7.

Space trays at 7.5 em (3 in.) intervals in enclosed food service cart
with plexiglass back.

8.

Place cart into 10°C chamber for 7 days.

9.

Transfer to 25°C chamber for 4-day grow-out. Illuminate chamber for
8 hr. daily.

10.

Evaluate seedlings as in kimpak germination test.
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COOL GERMINATION TEST
Crop: Cotton

Principles:
1.

A soil based cold test is too severe at 10°C for cotton. Also, soil
microorganisms retard cotton seedling growth under cold, wet
conditions.

2.

Cool germination test less severe to separate vigorous from less
vigorous seeds. Low vigor seeds from warm season crop (cotton) will
expenence decreased growth rate and germination under cool
conditions.

3.

Determines it cotton seed lot is suitable for planting in cool soil. Lots
with high percent of vigorous seedlings can be planted under a wide
range of field conditions. Lots producing few vigorous seedlings
should be planted only under very favorable field conditions.

Equipment and Supplies:
1.

Same as for standard germination test.

2.

Maintain constant l8°C and adequate humidity to prevent drying
(18°C is essential).

Procedure:
1.

200 seeds from each lot. Four reps of 50 seeds each on two moist
towels.

2.

Cover with two additional towels.

3.

Roll towels and set upright (on end) in wire mesh basket.

4.

One count made on 7th day for both acid and machine delinted seeds.

5.

Normal seedlings with combined hypocotyl and root length of 4 ern (1
1/2 in. ) or longer are counted.

6.

Root-hypocotyl measurement is made from tip of radicle to point of
cotyledon attachment.
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7.

Treat seeds with recommended -fungicide. Only conditioned seeds
should be tested. Not accur ate on gin-run seeds.

Interpretation:
1.

Normal seedlings according to AOSA Rules.

2.

Evaluate root - hypocotyl - cotyledons - epicotyl.
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CONDUCTIVITY TEST
Crops: Wrinkled Seeded Garden Peas, Soybeans, Field Corn

Principles:
1.

Measurement of electrolytes leaking form plant tissues.
membranes lose integrity as seeds dry and mature.

All

2.

During imbibition, membrane integrity is re-established. Vigorous
seeds re-establish faster with less leakage than low vigor seeds.

3.

Leakage of electrolytes as nutrients stimulate microorganism activity
and secondary infection.

Equipment and Supplies:
1.

Conductivity meter:
Dip cell must have a cell constant of 1.0.
Calibrate by a 0.01 M Kcl solution (0.745 g Kcl dried at 150°C
for hr) dissolve in deionized water to make 1 liter.
In this solution, the meter should read 1,273 pmhos per em at
20°C or 1,408 pmhos/cm at 25°C
Clean dip cell repeatedly with deionized water

2.

Water:
Deionized or distilled not to exceed 5 pmhos/cm conductivity and
sorted at 25°C <
± 1°C) at least 24 hr. before use.

3.

Glass or plastic beakers:
Base diameter influence results and should be 6-8 em to provide
adequate depth of water to immerse seed dip cell.

4.

Incubator:
Germinator operating at a constant temp. of 25°C.
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5.

Seed moisture tester or oven:
Operate at 105°C

Procedure:
1.

Seed Moisture:
Determine seed moisture on fresh wt. basis.
Low (<11%) or high (>17%) should be adjusted.
Adjust low moisture at high RH/10°C for 2 days. Desiccate high
moisture seeds over CaCl for 7 days at 20°C.

2.

Removal of Seed Treatment:
May not be necessary:
150 seeds in flask with 100 ml methanol; shake gently for 2
minutes; rinse followed by second rinse with 100 ml methanol,
and third rinse with 50 ml methanol.
Dry seeds in hood for 20 min. or at room temperature for 2 hr.
Prior to soaking and after weighing, each set of 25 seeds rinsed
once with 20 ml distilled water.

3.

Conductivity test:
4 reps of 25 seed (uninjured) are weighed to 2 decimal places.
Place in 200 ml beakers and add 75 ml of deionized water.
Stir gently, cover breaker and place at 25°C for 24 hr.
Measure conductivity immediately after removal from 25°C.
Shake beaker with seeds gently for 10 - 15 seconds and immerse
dip cell into the solution without filtration.
Rinse dip cell twice in deionized water and blot dry with filter
paper.
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Conductivity per gram of seed wt. is:
Conductivity (u mhos) for each beaker= ll mhos/cm/g
wt. of 25 seeds
Report % of injured seeds

Interpretations:
Measure conductivity immediately since temp. affects conductivity.
Evaluate 8-12 beakers at a time. Others remain in 25°C.
Cracked seeds give cloudy appearance; initial moisture may be too low
or injured seeds were not removed.
High ll mhos/g = low vigor such as > 150 ll mhos/cm/g for
soybean
Not good for early planting or may be totally unfit.
May lose vigor rapidly in storage.

Observations:
Factors affecting test:
Purity of water and cleanliness of equipment
Sample uniformity
Soaking time and water temperature
Initial seed moisture
Temperature of steep water during test.

Alternate Procedure:
Individual seed evaluation available with commercial machines
which monitor leakage form individual seeds.
100 seeds placed into soaking try with 100 individual cells soak
for 24 hours at 25°C.
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Multi-head electrode (100 . electrodes) fits over 100 cells of
soaking tray cells and measures current in each cell.
A partition selector setting for specific crop permits prediction of
germination. Partition setting is a theoretical "breakpoint' which
places each seed into live or dead category based on seed leakage
in J.1 amps.
Results in J.l amps rather than predicted germination.
Conductivity expressed in J.l mhos but significant correlation
exists between J.l amps and J.l mhos.
Weigh the 100 seeds since size is not considered by the machine.
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SEEDLING VIGOR CLASSIFICATION
Crops: Cotton , Garden Bean s, Peanuts, Soybeans
Principles:
1.

Four morphologica l sites for vigor evaluation:
cotyledons - epicoty l

root - hypocotyl -

2.

Germination- each site develops promptly an d free of defects .

3.

Classify normal seedlings into strong or weak categories

Equipme nt and Supplies:
1.

Same as for standard germination test.

Procedure :
1.

Germ as prescribed by AOSA Rules

2.

8 reps of 50 seeds each

3.

2 moist towels on bottom - plant seeds

4.

2 moist towels on top

5.

Orient for unobstructed growth of root, hypocotyl, epicotyl

6.

Constant 25°C - dark or light

7.

Light promotes rapid epicotyl growth

8.

Maintain substrate moisture

9.

Treat peanuts, cotton , garden bean seeds

10.

Evaluate normal seedlings

11.

Classify normal seedlings into strong or weak
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Interpretation:
1.

Weak normal seedlings subject to str ess

2.

More precise field emergence potential

3.

Accuracy of interpretations of seedlings.
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Wallace & Associates
Hot Springs Village, AR 71901

Ray Sanders
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Hamlin Seed Service, Inc.
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P. 0. Box 70
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1540 Tanforan Ave., Suite G
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P. 0. Box 512
Rocky Ford, CO 81067

75
Thomas Helman
Oliver Mfg. Co., Inc.
P. 0. Box 512
Rocky Ford, CO 81067
CONNECTICUT
Peter Klinck
808 Kings H wy.
Fairfield, CT 06430
DELEWARE
John J. Fennell
E I DuPont De Nemours & Co.
Stine -Haskell Research Center
P . 0. Box 30
Newark, DE 19714
DISTRICT OF COLUMBIA
Leslie Cahill
American Seed Trade Assoc.
601- 13th St., N.W., Suite 570 South
Washington, D. C. 2005-1593
FLORIDA
Mr. & Mrs. Clarence Maura, Jr.
USDA,SCS
Plant Materials Center
14119 Broad Street
Brooksville, FL 34601
Sam Huey
Identity Seed & Grain Co.
1325 N Atlantic Ave., Suite 34
Cocoa Beach, FL 32931
David Kemmerer
Identity Seed & Grain Co.
1325 N Atlantic Ave., Suite 34
Cocoa Beach, FL 32931

GEORGIA
Dewey Lee
University of Georgia
Georgia Crop Improvement Assn.
2425 S. Milledge Ave.
Athens, GA 30605
Howell "Buddy" Mathis
Lewis M. Carter Mfg. Co., Inc.
P. 0. Box 428
Donalsonville, GA 31745
David Sandlin
Lewis M. Carter Mfg. Co., Inc.
P. 0. Box 428
Donaldsville, GA 31745
Jill Barbour
National Tree Seed Laboratory
Rt. 1, Box 182B
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AgraTech Seeds, Inc.
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Cargill Hybrid Seeds
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Zeke Stanfield
Stanfield, Inc.
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Illinois Foundation Seeds, Inc.
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Champaign, IL 61824
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Cargill Hybrid Seeds
Rt. 23, Box 557
Pontiac, IL 61764

Tom Johnston
Custom Seed Equipment
P . 0. Box 495
Altoona, IA 50009
Don Bland
Corn States Hybrid Service, Inc.
2505 McKinley Ave.
Des Moines, IA 50321
Brian Walters
Corn States Hybrid Service, Inc.
2505 McKinley Ave.
Des Moines, IA 50321

AI Stults
Stults Scientific Eng. Corp.
3313 S. 6th St, Hwy. Frtge Rd w.
Springfield, II 62703

Rodney Worth
Cargill Hybrid Seed
R. R. 2, Box 62
Dewitt, IA 527 42

INDIANA
KANSAS
David Mrozinski
Clipper/BAIC
P. 0. Box 256
Bluffton, IN 46714
Richard E. Helmuth
Helmuth Corp.
828 E. 116th Street
Carmel, IN 46032

Darrin De Lange
De Lange Seed, Inc.
P. 0. Box 7
Girard, KS 667 43
Jerry Franklin
De Lange Seed, Inc.
P. 0. Box 7
Girard, KS 66743
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Tim Taylor
Taylor Products Co., Inc.
Rt. 4, Box 296-A
Parsons, KS 67357
KENTUCKY
Nancy Jensen
USDA-SCS
Plant Materials Center
University Drive
Quicksand, KY 41363
J. Wade Turner
USDA-SCS
Plant Materials Center
University Drive
Quicksand, KY 41363
LOUISIANA
Elizabeth D. Batton
AR-LA-MS Testing
Rt. 1, Box 110
Lake Providence, LA 71254
Lonnie A. Batton
AR-LA-MS Testing
Rt. 1, Box 110
Lake Providence, LA 71254
Lawrence Higginbotham
Hollybrook Gin
Box 748
Lake Providence, LA 71254
Cecil W. Jones
Terral-Norris Seed Co., Inc.
P. 0. Box 826
Lake Providence, LA 71254
Jimmy L. Ward
Terral-Norris Seed Co., Inc.
P . 0. Box 826
Lake Providence, LA 71254

MINNESOTA
Paul Stone
Carter-Day
500 - 73rd Ave., N.E.
Minneapolis, MN 55432
Steven R. Kirtz
Keltgen Seed
P. 0. Box 209
Olivia, MN 56277
Paul Wallert
Keltgen Seed
P. 0. Box 209
Olivia, MN 56277
MISSISSIPPI
Mr. & Mrs. Joe B. Thompson
Thompson Seed Cleaner
Rt. 2, Box 200
Bassfield, MS 39421
David "Mike" Lane
USDA- Plant Materials Center
Rt. 3, Box 215-A
Coffeeville, MS 38922
Mitchell Baugh
Delta & Pine Land Co.
P. 0. Box 457
Hollandale, MS 38748
Steven Briscoe
Delta & Pine Land Co.
P. 0. Box 457
Hollandale, MS 38748
Lane Holland
Delta & Pine Land Co.
P. 0. Box 457
Hollandale, MS 387 48
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Gay Long
Delta & Pine Land Co.
P. 0. Box 457
Hollandale, MS 38748

Nan Presley
Delta & Pine Land Co.
P. 0. Box 157
Scott, MS 38772

Manuel McTiller
Delta & Pine Land Co.
P . 0. Box 457
Hollandale, MS 38748

Steve Sandroni
Delta & Pine Land Co.
P. 0. Box 157
Scott, MS 38772

Fred Parker
Delta & Pine Land Co.
P. 0. Box 457
Hollandale, MS 387 48

John Smith
Delta & Pine Land Co.
P. 0. Box 157
Scott, MS 38772

Elda Trombatore
Delta & Pine Land Co.
P. 0. Box 457
Hollandale, MS 38748

Dickey Allmand
Rt. 2, Box 48
Smithdale, MS 39664

Gary Clay
Seed Dept.
BWI of Jackson, Inc.
P . 0. Box 20407
Jackson, MS 39289-1407
Mike Beadel
Delta & Pine Land Co.
P . 0. Box 157
Scott, MS 38772
Nell Brown
Delta & Pine Land Co.
P . 0 . Box 157
Scott, MS 38772
Vanessa Edwards
Delta & Pine Land Co.
P. 0. Box 157
Scott, MS 38772
Roy Gilbert
Delta & Pine Land Co.
P. 0. Box 157
Scott, MS 38772

Mike Merler
Stoneville Pedigreed Seed Co.
Box 167
Stoneville, MS 38776
Roxanne P. Owens
Stoneville Pedigreed Seed Co.
P. 0. Box 167
Stoneville, MS 38776
AI Zeigler
Stoneville Pedigreed Seed Co.
P. 0. Box 167
Stoneville, MS 38776
Edward M. Croom, Jr.
University of MS
School of Pharmacy
University, MS 38677
NEW JERSEY
Bonnie S. Kline
Swedesboro Seed Co.
P. 0. Box 397, Rt. 45
Woodstown, NJ 08098-0397
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NEW MEXICO
James F. Henson
USDA-SCS
1036 Miller Rd., SW
Los Lunas, NM 87031
NEW YORK
Paul Bauter
USDA - Plant Materials Center
Rd. 1, Box 360A, Rt. 352
Corning, NY 14830
Martin van der Grinten
USDA- SCS
Big Flats Plant Materials Center
Rd 1, Box 360A, Rt. 352
Corning,NY 14830
NORTH CAROLINA
Stewart Joyner
Southern States Cooperative
P. 0. Box 746
Farmville, NC 27828
Gardner Smith
Southern States Cooperative
P. 0. Box 746
Farmville, NC 27828
Jim Payne
CIBA GEIGY
P. 0. Box 18300
Greensboro, NC 27419
Fred Farmer
USDA-ARS
North Carolina State University
3127 Ligon St.
Raleigh, NC. 27695-7631

Jan Ferguson
Crop Science Specialist
Ag. Ext. Service, N.C. State Univ.
Raleigh, NC 27695-7620
G. Edward Martin, Jr.
NC Crop Imp. Assoc., Inc.
3709 Hillsborough Street
Raleigh, NC 27607
NORTH DAKOTA
Dave Wittrock
Cargill Hybrid Seeds
P. 0. Box 5695
Fargo, ND 58105
OKLAHOMA
Fred Hamilton
Golden Peanut Company
P. 0. Box 747
Durant, OK 74701
Peggy Thomas
Golden Peanut Company
P. 0. Box 747
Durant, OK 74701
OREGON
Don F. Grabe
Crop & Soil Science Dept.
Oregon State University
Corvallis, OR 97331-2001
Iraj Motazedian
Oregon Seed Certification
31 Crop Sci. Bldg,
Oregon State University
Corvallis, OR 97330
Jim Habernicht
Seedtec Inernational
P. 0. Box 83719
Portland, OR 97283
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Lloyd Braunberger
Betaseed, Inc.
P. 0. Box 360
Tangent, OR 97389

Brad Yates
BWI
4403 DELP
Memphis, TN 38115

PENNSYLVANIA

TEXAS

Robert Thompson
Horsehead Resource Dev. Co., Inc.
4th Street & Franklin Ave.
Palmerton, PA 18071

Ken Evans
Crosbyton Seed Co.
P. 0. Box 421
Crosbyton, TX 79322

George M. Daughtery
Seed Tech. Lab. (Retired)
Star Route, Chestnut Hill Rd.
Pottstown, PA 19464

Mr. & Mrs. Daniel A. Thornton
Retired
P. 0. Box 636
Eagle Lake, TX 77434

Thomas E. Klein
Mercator Corp.
728 Penn. Ave.
West Reading, PA 19611

Paul G. Johnson
Northrup King Co.
P. 0. Box 189
New Deal, TX 79350

PUERTO RICO

Gary L. Billups
Westrup, Inc.
1400 Preston Road, Suite 400
Plano, TX 75093-5160

Doralisa Vera-Gonzalez
Puerto Rico Dept. of AG
Plant Quarantine Office
Box 338 Playa
Ponce, Puerto Rico 00734-3338
Consuelo Muniz-Gonzalez
Puerto Rico Dept. of AG
Plant Quarantine Office
Box 10 Dept. of AG Gov. Center
Mayaguez, Puerto Rico 00680

Mr. & Mrs. Kyle Rushing
Gustafson, Inc.
1400 Preston Rd, Suite 400
Plano, TX 75023
Mr. & Mrs. Paul R. Mezynski
Retired
Route 2, Box 169
Riesel, TX 76682

TENNESSEE
Virgil Harden
Harden Processing Equip. Sales, Inc.
P. 0. Box 18880
Memphis, TN 38181

John Taft
Douglass W. King Co.
P . 0. Box 200320
San Antonio, TX 78220
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Bud Wylie
Douglass W. King Co.
P. 0. Box 200320
San Antonio, TX 78220
Brian D. Langley
BWI Companies, Inc.
P. 0. Box 5968
Texarkana, TX 75505
UTAH
Shelton Berguson
Hilleshog Mono-Hy, Inc.
1963 South 1900 West
Ogden, UT 84401

WYOMING
Mr. & Mrs. John I. Sutherland
Consultant
P. 0. Box 804
Jackson, WY 83001
CANADA
Armand Bechard
Kaing Agro.
P. 0. Box 1088
Chatham, Ontario, Canada N7M5L6

WISCONSIN

Tom Claeys
Kaing Agro.
P. 0. Box 1088
Chatham, Ontario, Canada N7M5L6

Timothy T. Tryon
Loveland Industries
4134 Mandrake Road
Madison, WI 53704

Austin Hadlock
Kaing Agro.
P. 0. Box 1088
Chatham, Ontario, Canada N7M5L6

William Kelly
Agri-Genetics, Co.
720 St. Croix St.
Prescott, WI 54021

Bill Myles
Funk Seeds
R. R. #3
Cottam, Ontario, Canada NOR 1BO

Alex Renk
Renk Seed
6800 Wilbum Rd.
Sun Prairie, WI 53590

COSTA RICA

Vem Endres
Kaltenberg Seed Farms
P . 0. Box 278
Waunakee, WI 53597
Gordon Sebranek
Kaltenberg Seed Farms
P. 0. Box 278
Waunakee, WI 53597

Eugenia M. Flores
Organization for Tropical Studies
San Jose, Costa Rica
JAPAN
Hidenobu Hayashi
Gomei Shoji Kaisha , Ltd.
Ayase City, Kanagawa Pref.
JAPAN 252
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Kazuya Ishikawa
Kokusen Co., Ltd.
776 Kozono
Ayase City, Kanagawa Pref.
JAPAN 252
MEXICO
Mr. & Mrs. Jorge A. Correa
& Jorge A., Jr. & Carla
Semillas Correa
Ave. Tecnologico No. 685-B
Celaya, GTO, MEXICO
Hector Gomez Contreras
VAAAN (CCDTS)
Buena Vista
Saltillo, Coahuila MEXICO
Juan Narvaez
Autonoma Agraria de Antonio Narro
Centro de Tecnologia de Semillas
Buena Vista
Saltillo, Coahuila MEXICO
Jesus Ortegon Perez
VAAAN (CCDTSO
Buena Vista
Saltillo, Coahuila MEXICO
Rafael Gamboa Garcia
Semillas Tacsa, S.A. de C.V.
Central Poniente No. 24
Tapachula, Chiapas, MEXICO

